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GLASS FOR INFORMATION RECORDING MEDIUM SUBSTRATE AND GLASS SUBSTRATE 



(57) Disclosed is Si02-Al2P3-RO (RO = divalent 
metal) glass having high specific elastic modulus of 36 
X 10® Nm/kg or more or high Vbung's modulus of 110 
QPa or more, high transition temperature of 7WC or 
higher (Ttigh heat resistance). The glass exhibits excel- 
lent surface smoothness (surface roughness Ra < sA) 
and high strength, which can provide glass substrate 
with high strength. Since glass substrates being com- 
posed of the glass having excellent heat resistance and 
flatness, the substrates can be subjected to heat treat- 
ment for improvement of magnetic layer characteristics 
without any decomposition of the substrate and realize 
smaller flying height of magnetic head, i.e., higher 
recording density. The glasses exhibiting high specific 
elastic modulus and high strength enables to realize 
thinner magnetic discs and prevent breakdown of mag- 
netic discs. 
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Description 




Held of the Invention 

5 The present Invention relates to glass and glass substrate suitably used for substrates of information recording 
media such as magnetic discs and optical discs, heat resistant substrates of low temperature polycrystalfine silicon Bq- 
ukJ crystal display devices, which are eocpected as naxi generation LCDs, substrates for various electric and electronic 
components and the like. In particular, it relates to glass suitable for substrates of intormation recording media and the 
like, which odiibHs high specific elastic nnodulus and/or \bung*s modulus and high heat resistance and, when used as 

10 a substrate, realizee excellent surface smoothness. 

Description of the Related Art 

Major components of magnetic storage devices of electronic computers and the like are a magnetic recording 

16 medium and a magnetic head for reconstruction of magnetically recorded intormation. Flexibie discs and hard dislQ 
have been known as magnetic recording media. As substrates for hard discs (magnetic discs), for example, aluminum 
subs^ates, glass substrates, ceramic substrates, carbon substrates and the like have bean known. In praclicai use. 
however, an aluminum substrate or a glass sub^rate is mainiy used according to the intended size and the use tiiereof . 
Recently, flying height of magnetic heads is markedly reduced as hard disc drivers for notebook personai oomput- 
20 ers are made smaller and their magnetic recording density made higher. Accordingiy, extremely high precision has 
been demanded for the surface smoothness of magnetic disc substrates. 

However, it is dWicult to produce smooth surface more than a certain level of precision with an aluminum alloy. That 
is. even though it is polished by using highly precise abrasives and processing apparatuses, the polished surlace may 
suffer from plastic defomiatlon because of ttie low hardness of the alloy. Even If the aluminum alloy is plated with nickal- 

25 phosphorous, the surface roughness Ra cannot be made 20A (angstrom) or less. In addition, as hard disk drivers are 
made smaller and tiiinner, a further smaller thickness of 5ii)strates for magnetic discs is also strongly desired. However, 
it is difficult to produce such a thin disc with an aluminum alloy having a certain strength defined by specification of hard 
disk drivers because of low strength and stiffness of aluminum alloy 

Therefore, glass sul)stratBS for magnetic discs having high strength, high stiffness, high impact resistance and high 

30 surface smoothness have been developed. Because glass substrates have excellent surtece smoothness and mechan- 
ical slrengtti, they have been paid much attention as substrates for present and future use. Fbr ewample. as such glass 
substrates, chemically tempered glass substrates whose surfaces are strengthened by the ion exchange technique, 
crystallized glass substrates subjected to crystallization treatment, alkali-free glass substrates which do not substan- 
tially contain alkaline substances and the like have been known well. 

35 For example, as a chemically tempered glass substrate. Japanese Patent Unexamined PubRcation No. Hei 1- 
239036 (referred to as Reference 1 hereinafter) discloses a glass substrate for magnetic recording media strengthened 
by subjecting to ion exchange treatment a glass material for the substrate containing, indicated in terms of % by weight, 
60-70% of SiOfe, 0.5-1 4 % of Ai203. 10-32% of R2O where R Is an alkali metal. 1 -15% of ZnO and 1 .1 -14% of 8203. 
As a cryelainzed glass. Japanese Patent Unexamined Publication No. Hei 7-18771 1 (referred to as Reference 2 

40 hereinafter) discloses a glass substrate for magnetic recording media containing, incficated in terms of % by weight. 50- 
65% of SiOa. 1 8r25% of CaO. 6-1 1% of NagO, 6-12% of K20, 0-2.S% of AI2O3 and 5-9% of F and containing kanaslte 
as main crystals. U.S. Patent No 5,391 ,522 (referred to as Reference 3 hereinafter) discloses a crystallized glass sub- 
strate for magnetic discs containing 65-83% of SiOg, 8-13% of U2O. 0-7% of K20, 0.5^.5% of IWgO. 0^ of ZnO. 0- 
5% of PbO. (provided that Mgo + ZnO + PbO is 0.5-5%). 1 -4% of P2O5, 0-7% of AigOs and 0-2% of AsgOs + SbgOs and 

4S containing microcrystalllne particles of U2O * 28102 as main crystals. 

As an alkali-free glass, Japanese Patent Unexamined Publication No. Hei 8-169724 (referred to as Reference 4 
hereinafter) discloses a glass substrate for magnetic discs having a composition containing, indicated in terms of % by 
weight, 35^55% of Si02 + AI2O3. 0-1 0% of BgOg. 40-60% of CaO + BaO. provided that CaO s 5%, 0-10% of ZnO + SrO 
+ MgO, 0^ of Ti02, 0'«% of Zr02, 0-1% of A62O3 and/or Sb203. 

so Recent HDDs (hard dtekdrivers) have been required to have higher recording capacity to meet higher performance 
of personal computers, and a smaller and thinner disc substiiate. smaller flying height of magnetic heads and higher rev- 
olution speed of discs have been required to meet smaller size and higher performance of personal computers. It is 
expected that the thickness of 2.5-inch diameter disc substrates should become thinner f^om the present thickness 
0.635 mm to a thickness of 0.43 mm. or even 0.38 mm. In addition, for recent higher recording density of 3.5-inch hard 

BS discs for servers and higher data processing speed, requirement for stiffness of substrate materials becomes increas- 
ingly severer, and conventional aluminum substrates seem to almost reach their limits of performance. It is e3qpected 
that further higher capacity and smaller size of hard discs will be sought in future. Therefore, smaller thickness, higher 
strength, more excellent surface smoothness, higher impact resistance and the like of substrates for magnetic recording 



EP0858974A1 




media will be further 8&'ory|^&marKled. 

However, as disc subPI^ become thinner, they become more likeiy to sMRlefleDdon and warp. On the other 
hand, as higher recording density is sought, lower flying height of magnetic heads and higher revolution speed of mag- 
netic discs are further sought yet. and such deflexion and warp of substrates may cause breakdown of magnetic discs. 
Howwer, if thickness of conventional glass substrates is made thinner than currently used, the problems due to the 
deflexion and warp mentioned above will become unacceptably marked and thus thinner discs cannot be realized. 

Degree of deflexion and warp of substrates can be evaluated from specific elastic modulus (= Young's modu- 
lus/specific gravity) or Vbung's modulus of substrate material. Materials of higher specflic elastic modulus are required 
for suppressing the problems of the deflexbn and warp of substrates made with a smaller thickness. Further, materials 
of higher \bung*8 modulus are required tor suppressing flie problems of the deflexion of substrates to be rotated at a 
high speed. 

The above situation may be further cDtplained as follows. Tliat Is, with recent Improvements on smaller size, higher 
capacity and higher speed of HDDs, it is expected that the thickness of 3.5-inch discs currently used of 0.8 mm will be 
made smaller to 0.635 mm, and 0.635 mm of current 2.5-inch discs to 0.43 mm. or even to 0.38 mm. Revolution speed 
of substrates is also expected to be made faster from the cun-ent maximum speed of 7200 rpm to 10000 rpm, or even 
to 14000 ipm. As substrates for such magnetic recording media become thinner, they become more likely to suffer 
deflexion, undulation and warp, and It Is expected that, as the revolution speed becomes higher, stress loaded on the 
substrates (force exerted by wind pressure caused by rotation of discs) will become larger. Based on the theory of 
dynamics, the deflexion W of a disc receiving load of P per unit area is represented by the following formula: 

wherein a represents an outer diameter of disc, h represents a thickness of substrate and E represents Ybung's modu- 
lus of disc material. 

In static state, force loaded on the disc is the gravitation alone, and the deflexion W is represented by the following 
formula: 

h^E h^E h^G 

wherein d represents a specific gravity of disc materiai and G b a specific elastic nndulus of disc material (» Young's 
modulus/ispecific gravity). 

On the other hand, aipposing that ttie gravitational force is balanced by centrifugal force and can be ignored in 
rotating state of disc, force loaded on the disc may be considered only wind pressure caused by the rotation of the disc. 
The wind pressure is represented as a liinctlon of disc revolution speed and said to be proportional to the second power 
of the speed. Aocoidingly, the deflexion W when the disc is rotating in a high speed is represented by the foDowing for- 
mula: 

TTierefbre. in order to suppress the deflexion W of substrate to be rotated at a high speed, a material of high 
Ybung's modulus E is required. According to the present inventors' calculation, when the thickness of 2.5-inch substrate 
is made smaller from 0.635 mm to 0,43 mm, and the thickness of 3.5-inch substrate from 0.8 mm to 0.635 mm, a sub- 
strate material having a specflic elastic modulus higher than that of conventional materials should be required. Further, 
when the current revolution speed of 3.5-Inch high-end substrates of 7200 rpm Is made faster to prospective 10000 
rpm, an aluminum substrate having >bung's modulus of around 70 GPa cannot meet such a high speed, and a new sub- 
strate material having a further higher Vbung's modulus should be required. As the specflic elastic modulus or Vbung's 
modulus of substrate material becomes higher, not only stiffness of substrates becomes higher, but also Impact resist- 
ance and strength of substrates become higher Ttierefore, a glass material having high specific Mastic modulus and 
high \bung's modulus is strongly desired In the field of HDD production. 

TTiere are further properties of substrates for magnetic recording media required for realizing higher recording den- 
sity other than the specific elastic modulus and Young's modulus. One of those is high heat resistance, and another is 
high surfece smoothness. In order to obtain higher recording density of magnetic recording media, it is necessary to 
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enharKe magnetic characterisjjtf|^cti as magnetic coercive force of magnetic layer^^netic reconding layer). White 
coercive foice of magnetic layd^P^ vary depending on the kind of magnetic materii^Pd, coercive force of the mag- 
netic material msf be enhanced by heat-lreatment even if the same material is used. Therefore, separating ifom devel- 
opment of new magnetic materials, it may be desirable to treat a magnetic layer formed on a substrate at a higher 

5 temperature in order to obtain higher coercive force using a conventional material. It is also possible to obtain higher 
recording density by making flying height of magnetic heads smaller. Therefore, the flying height of magnetic heads will 
be further made smaller in future. To realize smaller flying height of magnetic heads, good smoothness cf disc surfaces 
and hence good smoothness of substrate surfaces are required. 

The chemically tempered glass disclosed in Reference 1 has a glass transiflon point of around 500°C. However, to 

10 improve coercive force of magnetic layer, heat treatment at a temperature higher than SOO^'C is effective. Accordingly, 
heat resistance of the chemically tempered glass of Reference 1 itself is insufficient. Chemically tempered glasses are 
generafly made by providing an ton exchanged layer with alkali metal Ions on suifaces of the glasses. However, when 
a magnetic layer is formed on the surface of a chemically tempered glass and heat-treated, the ions in the ion 
exchanged layer may disadvantageously migrate to the magnetic layer and adversely affect it. The migration of the 

75 alkali metal ions to the magnetic Isyer is more activated as the temperature becomes higher. To suppress the migration 
of alkali metal ions, heat treatment at a tower temperature is desirable. Thus, when chemically tempered glass sub- 
strates are used, rt is difficult to improve magnetic characteristics by heat treatment at a high temperature and it is dif- 
ficult to obtain magnetic recorcfing media having high coercive force. TTie above chemically tempered glass has a 
specific elastic modulus of about 30 x 1 0^ Nm/kg and Young's nrxxiulus of about 80 GPa. and hence exhibits poor stiff- 

20 ness. Therefore, it cannot be used for 3.&-inch high-end disc substrates and thinner disc substrates. Moreover, chemi- 
cally tempered glass substrates have stress layers on botti surfaces, and these slress l^re may cause deflexion when 
the stress layers do not have uniform and equivalent stress. TTieretore. it Is difficult to realize smaller flying height of 
magnetic heads and high-speed rotation with chemically tempered glass. 

The conventional crystallized glasses such as those discfosed in References 2 and 3 exhibit emsellent heat reslst- 

25 ance because they do not show transition. However, glass substrates for magnetic recording media are required to have 
more excellent surface smoothness as higher recording density is attempted. TTiis is because higher recording density 
of magnetic recording media requires a smaller flying height of magnetic heads. However, because aystalllzed glass 
contains many micropartides. they hardly afford substrates of a surface roughness (Ra) of 1 0A or less. As a result, sub- 
strates have poor surface smoothness and surface configuration of discs is degraded. An unevenness control layer, for 

30 example, is formed on substrates to prevent a magnetic head from being absort>ed to magnetic discs. However, it is dif- 
ficult to control surface homology of such an unevenness control layer provUed on a substrate of crystallized glass. 

The alkali-free glass disclosed In Reference 4 has a high transition temperature as high as 730''C at most. How- 
ever, It has a specific elastic modulus of only 27-34 x 10^ Nm/kg and >bung's modulus of around 70-90 GPa, and hence 
it can no way meet the demand of further thinner magnetic disc SLi)strates. 

35 As a substrate of excellent heat resistance, the catbot) substrate disclosed in Japanese F^atent Unexamined Pub- 
lication Na Hei 3-273525 (refen-ed to as Reference 5 hereinafter) can be mentioned. However, the carbon substrate 
has a specific elastic modulus of around 15-19 x 10^ NnVkg and hence it is inferior to glass in mechanical strength. 
Therefore, It can hardly meet the demand for a thinner substrate required fbr the production of smaller magnetic discs. 
In additfon, cartxin substrates have many surfece defects and hence it is difficult to realize l^her recording density with 

40 them. 

Thus, no Qxkle glass which has high specific elastic modulus or \bung*s nrxxiulus, SKhibits high heat resistance and 
excellent surbce smoothness (surface roughness ^ SA) and can be produced in a large scale at low cost is cun-ently 
found in the market. Even the Si02-Al203-MgO glasses, which is well known as commercially available oxide glass of 
high \bung*s nxxlulus, have a Young's modulus of around 80-90 GPa at most. 
45 Therefore, an object of the present invention is to provide a novel glass material satisfying high strength, high 
inrpact resistance, high spedfk: elastic modulus, high heat resistance and high surface smoothness required for the 
production of smalfer and thinner substrates for infbrmation recoitfing media of higher recording density in future. 

More specifically, the object of the present invention Is to provMe a glass substrate having a specific elastic nrxxju- 
lus of 36 X 10^ NnVlqa or more and glass transition temperature of 700**C or higher, not containing microaystaliine par- 
50 tides, and exhibiting high surface smoothness (surface roughness Ra of 9 A or less) . 

A further object of the present invention is to provide a glass substrate having a Vbung's modulus of 1 10 GPa or 
more, preferably a glass transition temperature of 700 ''C or higher, not containing microcrystalline particles, and exhib- 
iting high surface smoothness (surtace roughness Ra of 9A or less). 

Degree of deflexion and warp of disc substrates can be estimated from specrfic elastic modulus (= >bung's modu- 
55 lus/specrfic gravity) of the material oomposing the substrate. In order to sijppress deflexion and warp of thinner sub- 
strates to the extent that such problems do not occur, materials with higher specific elastic nruxlulus are required. 
However, in a certain glass composition, effects added to spedfc elastic modulus by glass oomponents have not been 
well known. 
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An object of the pr^e^^ention is to provide a novel glass exhibiting higha^^cific elastic modulus than those 
presently known by establil^^heoretical relation between specific elastic modJ^Ptid glass composition, focussing 
on SIO2-AI2O3-RO glasses (wherein R te a bivalent metal) which are preferred as substrates for inbrmation recording 
media such as magnetic discs, and investigating effects of glass components to specific elastic modulus. 
5 A further object of the present invention is to provide substrates fbr intormalicn recording media using the above 
glass and infbmiation recording media using the above substrate. 

SUMMARY OF THE INVENTION 

10 TTierefore, in order to provide glass materials having a specific elastic modulus G of 36x10^Nm/kg or more or a 
Vbung's modulus of 1 1 0 GPa or more, the present inventors have designed novel glass compositions based on the the- 
oretical calculation suggested by themselves and conducted various experiments and researches. As a result, it was 
found that novel glass which has a high specific elastic modulus and/or high Young's modulus not obtained so far. excel- 
lent surface smoothness and high heat resistance and producible in a large scale at a low cost can be obtained by using 

75 components greatly contributing to the nnprovement of \bung's modulus such as AigO^, Y2O3, MgO, Ti02 and rare 
earth metal oxides in a large amount. In addition, with respect to Si02-Al203-RO glasses, new glass materials exhibiting 
higher specific elastic modulus than those presently feiown have been tound. Based on this finding, the present inven- 
tion has been completed. 

The present Invention is described hereinafter. 

20 Glass for substrates having a specific elastic modulus G of 36 x 10^ NnVkg or more (hereinafter referred to Glass 
(D). 

Glass containing, as oxides constituting the glass, Si02: 25-^2%, AI2Q3: 5-35%, MgO: 15-45%, Y2O3: 0-17%, 
TiOg: 0-2S%. Zr02: 0^. CaO: 1 -30%. provided that Y20^ + TiOa + Zr02 + CaO: 5-30% and BgOa + P2O5: 0-5%. in 
molar %. and having a specific elastic moduli^ of 36 x lO^Nm/kg or more (hereinafter referred to Glass (2)). 
25 Glass having a composition containing, as oxides constituting the glass, SiOg: 25-50%, AI2O3: 10-37%, MgO: 5- 
40%, TiOg: 1-25%, in nmlar %, and having a specific elastic modulus of 36 x 10^ Nm/l<o or more (hereinafter referred 
to Glass (3)). 

Glass having a composition containing, as oxides constituting the glass, Si02: 25-50%, AI2O3: 20-40%, CaO: 8- 
30%, Y2O3: 2-15%, in molar %, and having a specific elastic modulus of 36 x 10^ Uw/kg or wore (hereinafter referred 
so to Glass (4)). 

Glass for substrates having a Vbung*s modulus of 1 1 0 GPa or more (hereinafter referred to Glass (5)}. 

Glass having a composition containing, as oxides constituting the glass, Si02: 30-60%, AI2O3: 2-35%. MgO: 0- 
40%. Li20: 0-20%. Y2O3: 0-27%, 1^203: 0-27%. CeOa: 0-27%. Pr^3: 0-27%, Nd203: 0-27%, Sm203: 0-27%, Eu203: 
0-27%, Gd203: 0-27%. TbgOa: 0-27%, DyaOs: 0-27%, H02Q3: 0-27%, ErgOa: 0-27%, Tm2Q3' 0-27%. YbaOgi 0-27%, 
ss provided that Y2O5 + La203 + CeOg + Pr203 + Nd203 + Sm203 + EU2O3 + Gd^Os + "□5203 + Dy203 + H02O3 + Er^Os 
+ TrngOs + YbgOs: 1-27% and 1120 + MgO + Y20g + La203 + Ce02 + Pr2Q3 + Nd^3 + SmzOs + EuaOg + Gd2Q3 + 
Tb203 -I- Dygps + H0203 -I- Er203 + Tm203 4- Yb203 > 25%. in molar %,and having a Young's modulus of 1 10 GPa or 
more (hereinafter referred to Glass (6)}. 

Material composed of Si02-Al2(^-RO glass used fbr information recording media wherein R is a bivalent metal 
40 characterized in that said glass contains 20 molar % or more of AI2O3 (hereinafter referred to Glass (7)) . 

Material oomposed of Si02-Al20^-RO glass used fbr information recording media wherein R is a bivalent metal 
characterized in that said glass contains 20 molar % or more of MgO as RO (hereinafter refen-ed to Glass (8)}. 

Material oomposed of Si02-Al2%-RO glass used fbr information recordng media wherein R Is a bivalent metal 
characterized in that said glass further contains Y2O3 (hereinafter referred to Glass (9)). 
45 Glass for information recording media (glass (1 0) hereinafter) characterized In that it contains one or more than two 
metal oxides which are selected from the group consisting of T1, V. Or, Mn, Fe. Co, Ni. Cu, Zn, Ga. Ge, Y Zr. Nb, Mo, 
La, Ce. Pr. Nd, Pm. Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Hff, Ta. and W in the range of 3-30 motor %. 

A substrate for informalion recording media oomposed of the above glass material and a magnetic disc comprising 
said substrate and magnetic layer thereon. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 1s a schematiG cross-sectional vfew of a magnetic disc 1 comprising a glass substrate 2. on whldi an une- 
venness control l^er 3, underlying layer 4, magnetic toyer S. protective layer 6 and lubricating layer 7 are provided in 
55 this order. 
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DESCRIPTION OF THE PhEl 



||^ED EMBODIMENTS 



The presem invention will be further explained hereinafter. 

The term "glass" used in the present invention means glass which does not substantially contain crystal grains, and 
does not mean those called as crystallized glass or glass ceramics containing at least 20% of crystal grains. 



Glass m 

Gass (1 ) is a glass for substrate characterized In ttiat it has a specific elastic mocbjlus G of 36 x 1 0® Nm/Kg or more. 

10 When the specific elastic modulus Q is less than 36 x 10^ Nm/lq, a substrate made of the glass exhibits severe 
deflexion, and, for example, a substrate of such glass having a thickness of 0.43 mm or lese required for magnetic 
recording media discs of the next generation may exhibit a maximum deflexion of 1.4 or more. As a result, flying 
stability of magnetic heads cannot be obtained and hence reconstruction of recorded Information cannot be performed 
stably. To obtain a substrate exhibiting a maximum deflexion of 1 .25 |im or less, glass having a specific elastic modulus 

75 G of 37x10^NnVkg or more is preferred. Glass having a spectf ic elastic modulue of 42 x 1 0^ NmAqj or more to more pre- 
ferred because such glass can afford a substrate which exhibits a maximum deflexion of 1 .4 ^ or less even if it is made 
as a substrate of athidcness of 0.38 mm or less to meet the demand of Hirther thinner magnetic discs. While a specific 
elastic modulue as high as possible is prefen^ed. practical value thereof to about 45 x 10^ Nm/kg or less. 

Glass (1) is glass whose surface roughness (Ra) can be made 9A or less, In addition to having a specific elastic 

20 modulus G of 36 X 10^ NnVkg or more. Higher surface smoothness enables a smaller flying height of magnetic heads, 
which is required tor higher density of magnetic discs. A surfece roughness (Ra) of 9A or less can realize a flying height 
smaller than the conventional flying height. For realizing fkjrther higher density of magnetic discs, glass whose surface 
roughness (Ra) can be made SA or less is preferred. 

Glass (1) is gl^ having a transition temperature of TOO^C or more. In addition to having a specific elastic modulus 

25 G Of 36 X 1 0^ Nm/kg or more and/or being possible to have surface roughness (Ra) of 9A or less. Because of a transi- 
tion temperature of yoo^'C or higher, heat resistance of substrate higher than that of the conventional one can be 
obtained, in addition to the reduced deflexion. Thus, a magnetic disc having improved magnetic characteristics such as 
coercive force can be provided. 

As specific examples of glass (1) having the above characteristics, glasses (2), (3] and (4) can be menflorffid. 

30 These glasses are oxide glassy comprising cations having a small ionic radius, strong chemical bonding force and 
high pacHrm density In the glass structure in order to raUsfy the characteristfcs of glass (1). 



Glpss(2) 

SB Glass (2) is a composition constituted mainly for obtaining a high specific elastic modulus, and has a specific elastic 
modulus G of 36 X 10^ Nm/I<g or more. A glass having specific elastic modulus G of 36 x 1 0^ Nm/kg or nxsre can afford 
a substrate exhibiting reduced deflexion. For example, even when it is made into a substrate having a thickness of 0.43 
mm or less required for magnetic recording media discs of the next generation, it may exhibit a maximum ddlexion of 
1 .4 ^ or lees. As a result, excellent flying stability of magnetic heads can be obtained and hence reconstruction of 

40 reoonied information can be performed stably. To obtain a substrate exhibiting a maximum deflexion of 1 .25 pm or less, 
glass having a specific elastic nrxxiulus G of 37 x lO^Nm/kg or more is preferred. Glass having a specific elastic modu- 
lus of 42 x 10^ NnVkg or more is more preferred because such glass can afford a substrate which exhibits a maximum 
deflodon of 1 .4 |im or less even if it is made into a substrate of a thickness of 0.38 mm or less to meet the demand of 
further thinner magnetic discs. While a specific elastic modulus as high as possible is preferred, practical value thereof 

4S is about 45x10^ Nm/kg or less. 

Glass (2) can have a surface roughness (Ra] of sA or less. Higher surface smoothness enables a smaller flying 
height of magnetic heads, which is required for higher density of magnetic dtecs. A surface roughness (Ra) of sA or less 
can realize a flying height smaller than the conventional flying height For realizing further higher density of magnetic 
discs, a surface roughness (Ra) of sA or less is preferred. 

so Glass (2) is glass having a transition temperature of TOff'C or higher. Because of a transition temperature of JOQ^C 
or higher, a substrate having heat resistance higher than tfiat of the conventional one, in addition to the reduced deflex- 
ion, can be obtained. Thus, a magnetic disc having improved magnetic characteristics such as coercive force can be 
provided. 

SiOa acts to form the network structure of glass and is a component for improving stability of glass structure, i.e., 
SB enhancing crystallization stability against devitrification. Further, Si02 in oombinatfon witti an intermediate oxide such 
as AI2O3 can enhance mechanical properties of glass necessary tor substrates for magnetic recording media such as 
strength and stiffness and also improve heat resistance of glass. However, oxide glass containing more than 52% of 
SO2 as a main component of the glass no longer exhibits a specific elastic nrxxjuiue exceeding 36 x 10^ Nm/kg, and 
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therefore the content of Sj/t^ suitably 52% or less. On the other hand, a SiQ^^ent less than 25% significantly 
degrades the crystallizatlOTHDillty of glass, and sufficiently stable glass sultabHParge scale production cannot be 
obtHined with such a content Therelbra, the lower limit of the Si02 content is 25%. Acoordingly. the content of SIO2 Is 
suitaUy in the range of 25-52%. preferably in the range of 30-50%. 

AI2OS is very Important as a component for Inrparting high heat resistance and high durability to glass and also as 
a component for enhancing stability of glass structure and stiffness together with SiOg. In particular, when At203 is 
introduced into glass to substitute SiOa. AI2O3 enters Into the sksletal structure of glass and markedly enhance Young's 
modulus and heat resistance of glass as a skeletal structure-fonning component That is, AI2O3 is a component essen- 
tial for enhancing Young's modulus and improving heat resistance. However, a content of AI2O3 less than 5% cannot 
sufficiently improve \bung*s modulus of glass. When the content of AI2O3 exceeds 35%. MgO, which is a component 
contributing to improvement of specific elastic modulus of glass, cannot be introduced in a sufficient amount and hence 
melt characteristics of glass at a high temperature Is also degraded. Therefore, the content of AI2Q3 Is suRably In the 
range of 5-35%. preferably in the range of 7-32%. 

IMgO is a oomponent introduced for enhancing stiffness and strength of glass and improving melt characteristics of 
glass at a high temperature. It also contributes to improvement of crystallization stability and homogeneity of glass. In 
particular, when the content of AI2O3 is less than 20%, it is preferred to introduce a large amount of l^^gO in order to 
maintain high specific elastic modulus of glass. However, sufficiently stable glass suitable for large scale production 
cannot be obtained with a MgO content exceeding 45%. On the other hand, if the content of MgO is less than 15%, 
Young's modulus of glass tends to be lowered. Therefore, the content of MgO Is suitably in the range of 15-45%, pref- 
erably in the range of 22-40%. 

Y2O3 is a oonponent introduced for enhancing crystaBlzation stability of glass and Improving durability and melt 
characteristics of glass at a high temperature. In particular, introduction of a small anmunt of Y2O3 markedly contributes 
to enhancement of specific elastic modulus of glass and improvement of glass homogeneity. However, while Y2O3 
Improves \bung's modulus of glass, loo much amount of Y2O3 steeply Increases the specific gravity of glass and hence 
disadvantageously tends to degrade the specific elastic modulus of the glass. Therefore, the content of Y2O3 is suitably 
1 7% or less, preferably 1 5% or less. To obtain distinct effects of the addition of Y2O3, the oontent of Y2O3 is preferably 
0.5% or more. 

Ti02 acts as txrth of a glass skeletal structure-forming component and a modifying component. It lowers high tem- 
perature viscosity, Improves melt characteristics of glass, enhances structure stability and improves durability. By intro- 
ducing Ti02 as a glass component. Young's modulus of glass can be markedly improved without signif icantly increasing 
specific gravity of glass. In particular, in glass containing large amounts of MgO, AI2O3 and the like, Ti02 improves melt 
characteristics at a high temperature and crystallization stability of glass and is surely expected to enhance specific 
elastic modulus of glass In oombinaiion with other oxides such as MgO and A^03. However, when too much of TIO^ is 
introduced, glass tends to show phase separation and hence disadvantageously degrade crystallization stability and 
homogeneity of glass. Therefore, the content of TiO^ is suitably 25% or less, preferably 20% or less, To obtain distinct 
effects of the addition of TIO2. the oontent of TIO2 is preferably 1% or more. 

CaO is a component introduced for enhancing stiffness and strength of glass and improving melt characteristics at 
a high temperature like MgO. CaO. like MgO, also contributes to improvement of crystallizalion stability of glass and 
homogenety of glass. As deecribed above, when the content of AI2O3 is less than 20%, it is prefen-ed to introduce a 
large amount of MgO to maintain high specific elastic modulus of glass. In such a case, CaO is a conponent introduced 
mainly for Improving melt characteristics at a high temperature and crystallization stability of glass. However, glass hav- 
ing aystallization steUity suitable for large scale production cannot be detained with a content of CaO exceeding 30%. 
Therefore, the content of CaO is suitably 30% or less, preferably 27% or less. In order to obtain distinct effects of the 
addition of CaO, the content of CaO is preferably 2% or more. 

Zr02 is a component introduced mainly for enhancing durability and stiffness of glass. Addition of Zr02 in a small 
amount improves heat resistance of glass and also enhances crystallization stability against devitrification. However, 
the content of Zr02 exceeds 8%, melt characteristics of glass at a high temperature is rSnarkaUy degraded, and sur- 
face snxjothness of glass deteriorates and specific gravity increases. Therefore, the content of Zr02 is suitably 8% or 
less, preferably 6% or less. In order to obtain distinct effects of the addition of Zr02. the oontent of ZiOg is preferably 
0.5% or more. 

Y2O3 + TIO2 + Zf02 + CaO is suitably in the range of 1-30%. These components are for contributing to enhance- 
ment of Young's modulus of glass and enhancement of crystallization stability. When the total amount of these compo- 
nents is less than 1%. Young's modulus of glass tends to be towered and crystallization stability of glass tends to be 
degraded. On the other hand, these components increase specific gravity of glass, and hence introduction in a large 
amount may lower the specific elastic nxxiulus of glass. Therefore, the total content of Y2O3 + Ti02 + Zr02 + CaO is 
suitably in the range of 1 -30%, preferably in the range of 5.5-27%. 

P2O5 and B2O3 are components added for controlling meK characteristics of glass at a high temperature. For exam- 
ple, introduction of P2O5 and B2Q3 in a small amount does not substantially affect on specific elastic modulis of glass 
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but significarTtty lower high'ter||^iure viscoeity of glasa Iheretore, it is very efffectj^^ liacilitating melting of glass. 
For improvement of melt charflPstics of glass and control off crystallization stablSRdI physical characteristics of 
glass, the total amount of B2Q3 + P2O5 is suitably 5% or lass, preferably 3.5% or less. In order to obtain distinct effects 
of the addition of B2O3 and P2Q5, the total content is preferably 0.5% or more. 

6 AS2O3 and Sb20^ are components added as degassing agents in order to obtain homogenous glass. By adding 
A82O3 or SbgOa or botli in a suitable amount selected depending on high temperature vtecoeity of glass, more homog- 
enous glass can be obtained. However. If too much of the degassing agents is added, specific gravity of glass is 
increased and specific elastic modulus t^ds to be lowered. In addition, they may react with and damage a platinum 
crucible tor melting. Theretore, the content is suitably 3% or less, preferably 2% or less. In order to obtain distinct effects 

10 of the addition of the degassing agent, the content Is preferably 0.2% or more. 

The other components such as V205, 0203. ZhO, SrO. NiO, CoO, Fe20a, CuO etc. may be added for controlHng 
melt diaraderlstlcs at a high temperature, physical properties and the like of glass. For example, by adding a small 
amount of a colorant such as V2O5, Cr203, CuO and CoO to glass, infrared ray absoiting property can be imparted to 
the glass and heating treatment of magnetic layer by irradiating with a heat lamp can be effectively performed. For 

IS inproving melt characteristics of glass and controlfing crystallization stability and physical properties of glass, the total 
amount of ZnO + SrO + MiO + CoO + FeO + CuO + Fe203 + Cr2Q3+B^ + P205fV^5 is suitably S% or lees, pref- 
erably 4% or less. 

Other than the components mentioned above, addition of Fe20^ and the like which are sometimes contained as 
Irrpurities of starting material and a clarifier for glass such as CI, F and SO3 In an amount of 1% or less does not sub- 
20 stantiaily degrade the intended physical characteristics of the glass according to the present invention. 

The above-mentioned glass te alkali-free glass which does not substantially contain alkali substances. Therefore, 
when a film is formed on a sii)strate made of thte glass, any alkaD substances do not ndgrate into the film and hence 
the film is not adversely affected. 

^ Glass (3) 

Glass (3) is a composition constituted mainly for obtaining a high specific elastic modulus, and the glasses have a 
specific elastic modulus G of 36 x 10® Nm/kg or more. Glass having specific elastic modulus Q of 36 x 10® NnVkg or 
more can afford a substrate exhibiting reduced deflection. For example, even when it is made into a substrate having a 

30 thickness of 0.43 rrm or less required tor magnetic recording media discs of the next generation, it may exhibit a max- 
inum deflection of 1 .4 |x m or less. As a result, excellent flying stability of magnetic heads can be obtained and hence 
reconstruction of recorded information can be stably performed. To obtain a substrate exhibiting a maximum deflection 
of 1 .25 Jim or less, glass having a specific elastte modulus G of 37 x 10® Nm/kg or more is prefen^ed. Glass having a 
specif K elastic modulus of 42 x 10® Nm/kg or more is more preferred because such glass can afford a substrate whidi 

3s exhibits a maximum deflection of 1 .4 ^ or less even if it is made into a substrate of a thickness of 0.38 mm or lees to 
meet tfie demand of further thinner magnetic discs. While a specific elastic modulus as high as possible b preferred, 
practical value thereof is about 45 x 10® Nm/kg or less. 

Gass (3) can have a surface roughness (Ra) of 9A or less. Higher surface smoothness enables a smaller flying 
height of magnetic heads, which is required for higher density of magnetic discs. A surface roughness (Ra) of 9A or less 

40 can realize a flying height smaller than the conventional flying height For realizing further higher density of magnetic 
discs, a surface roughness (Ra) of sA or less is prefered. 

Glass (3) is glass having a transition temperature of 700**C or higher. Because of a transition temperature of 700**C 
or higher, a substrate having heat resistance higher than that of the conventional one. In addition to the reduced deflec- 
tion, can be obtained. Thus, a magnetic disc having improved magnetic characteristics such as coercive force can be 

4S provMed. 

Si02 acts as an oxUe for forming the network structure of glass and is a component for improving stability of glass 
sti-ucture, i.e.. enhancing crystallization stability against devitrification. Further, SiOg in combination with an intemnedi- 
ate oxide such as AI2O3 can enhance mechanical properties of glass necessary for substrates for magnetic recording 
media such as strength and etiffnees and also improve heat resistance of glass. However, glass containing more than 

so 50% of SIO^ cannot contain a large amount of AI2O3 which Is a component contributing to improvement of Inpact resist- 
ance and mechanical strength of glass. TTierefore, in order to obtain glass having a high specific elastic modulus, the 
upper limit of the SIO2 content is suitably 50%. On the other hand, a Si02 content lees than 25% significantly degrades 
the crystallization stability of glass and sufliclenfly stable glass suitable for large scale production cannot be obtained 
with such a content. Therefore, the lower limit of the Si02 content is suitably 25%. Accordingly, the content of SiOg is 

55 suitably in the range of 25-50%, preferably in the range of 30-49%. 

AI2O3 is very important as a component for imparting high heat resistance and high durability to glass and also as 
a component for enhancing stability of glass structure and stiffness together with Si02. In particular, when Al^3 is 
introduced Into glass to substitute SiOg. AI2Q3 enters Into the skeletal structure of glass and martedly enhance Vbung*s 
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modulus and heat resi8tan|M| glass as a skeletal structure-forming component^^ is, AI2O3 is a component essen- 
tial for enhancing Young*^1^ulus and improving heat resistance. However, w4|P^0 is used with a content of 25% 
or less In order to further enhance f lexural strength and impeuit resistance, a content of AI2O3 less than 1 0% cannot suf- 
ficiently improve Vbung's modulus of glass and hence a desired specific elastic modulus cannot be obtained. When the 

5 content of AI2O3 exceeds 37%, melt characteristics of glass at a high temperature is degraded, and hence homogenous 
glass cannot obtained and crystallization lability of glass is degraded. TTierefore, the upper linnit of the content of Al^s 
is suHably 37%. The content of AI2O3 Is suitably in the range of 10-37%. preferably In the range of 1 1-35%. 

MgO is a component introduced for enhancing stiffness and strength of glass and improving melt characteristics of 
glass at a high temperature. It also contributes Id improvement of crystallization stability and homogeneity of glass. In 

10 particular, when Al^s, which is a component for greatly improving Young's modulus of glass, Is Introduced in a large 
amount. MgO is preferably used for improving stability of glass structure as well as lowering melt characteristics at a 
high temperature to tacllKate nmltlng of glass. However, sufficiently stable glass suitable for large sc»le production con- 
taining a large amount of AI2O3 for enhancing impact resistance and strength of glass cannot be obtained with a MgO 
oontent exceeding 40%. On the other hand, with a content of MgO of less than 5%, glass exhibiting sufficient stability 

IS and high specific elastic modulus cannot be obtained. Therefore, the content of MgO is suitably in the range of 5-40%, 
preferably in the range of 7-35%. 

TIO2 acts as both of a glass skeletal structure-forming component and a modifying component. It lowers high tem- 
perature viscosity, improves melt characteristics of glass and enhances structure stability and durability By introducing 
Ti02 as a glass component, Young's modulus of glass can be markedly improved without significantly increasing spe- 

20 cific gravity of glass. In particular, in glass containing a large amount of AI2O3, TiOa improves melt characteristics at a 
high temperature and crystHllization stability of the glass and is surely expected to enhance specific elasUc modulus of 
the glass in combination with AI2O3. However, when the content of Ti02 exceeds 25%, glass tends to show phase sep- 
aration and hence crystallization stability and homogeneity of glass tend to be disadvantageously degraded. On the 
other hand, addiflon of Ti02 of 1% or more markedly improves melt charactBristics of glass at a high temperatura 

25 Therefore, the content of Ti02 is suitably in the range of 1 -25%. preferably in the range of 2-20%. 

Y2O3 is a component introduced for improving ^bung's modulus, enhancing crystallization stability of glass and 
improving durability and melt characteristics at a high temperature of glass. In particular, when a large amount Of Al^s 
is introduced for enhancing flexural strength, impact resistance and the like. Y2O3 eocerls excellent effect as a melting 
aid for AI2O3. For example, when AIzO^ of 25% or more is introduced into glass, homogenous glass can be obtained by 

30 adding Y2O3. However, since YgOa is relatively expensive, a smaller oontent is pretended from economical point of view. 
In addition, while a proper amount of Y2O3 greatly contributes to enhancement of specific elastic nxxJulus of glass, 
when the content of Y2O3 exceeds 1 7%, increase of specific gravity overwhelms increase of Young's modulus of glass, 
and hence the addition can no longer contribute to Improvement of specific elastic modulus of the glass. Therefore, the 
content of Y2Q3 Is suitably in the range of 0-1 7%, preferably in the range of M 5% depending on the introduced amount 

35 Of Al20a. 

CaO Is a component capable of enhancing stiffness and strength of glass and Improving melt characteristics of 
glass at a high temperature like MgO. CaO also contributes to improvement of crystallization stability of glass and 
homogeneity of glass. When a large amount of AI2O3 is introduced as a component greatly contributing to improvement 
of \bur^'s modulus of glass, it is preferred to introduce CaO to improve stability of glass structure and to lower high tem- 

40 perature viscosity to facilitate melting. When the content of CaO exceeds 25%, glass containing a large amount of 
AI2Q3 for enhancing impact resistance and strength of glass and having crystallizatton stability suitable for large scale 
production cannot be obtained. Therefore, the upper fimit of the content of CaO is suitably 25%. hi order to obtain dis- 
tinct effects of the addition of CaO, the content of CaO Is preferably 2% or more. 

Zf02 is a component introduced mainly for enhancing durability and stiffness of glass. Addition of a small amount 

4S of Zr02 improves heat resistance of glass and also enhances crystallization stability against devitrification. However, 
when the oontent of Zr02 exceeds 8%. melt characteristics of glass at a high temperature Is markedly degraded, and 
surface smoothness of glass deteriorates and specific gravity increases. Therefore, the content of ZrOg is suitably 8% 
or less, preferably G% or less. In order to obtain distinct effects of the addition of Z^, the content of Zr02 Is preferably 
0.5% or more. 

so As20^ and Sb203 are components added as degassing agents In order to obtain homogenous glass. By adding 
A82O3 or Sb203 or both in a suitable amount selected depending on high temperature viscosity of glass, more homog- 
enous glass can be obtained. However, if the amount of the degassing agents is too much, specific gravity of glass is 
increased and specific elastic modulus tends to be lowered. In addition, they may react with and damage a platinum 
crucible used for melting. Therefore, the content is suitably 3% or less, preferably 2% or lesa In order to obtain distinct 

ss effects of the addition of the degassing agent, the content is preferably 0.2% or more. 

The other components such as P2O5, V2O5, B2O3, CraOs. ZnO, SiO. NiO, CoO, FegOs, CuO etc. may be added 
for controlling melt characteristics at a high temperature and physical properties and the lite of glass. For example, 
addition of a small amount of P2OS does not substantially affect spedf Ic elastic modulus of glass but significantly lower 
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high temperature viscosity of and henoe It is effective for facilitating melting Q^^^- By adding a small amourrt 
of a colorant such as V2O5, CiPIP^uO and CoO to glass, infrared ray absorbing proRP can be imparted to the glass 
and heating treatment of magnetic layer by irradiation wfth a heal lamp can be effectively performed. For improving melt 
characteristics of glass at a high temperature and controlling physical and thermal properties of glass, the total amount 

5 of ZnO + SrO + NiO + CoO + FeO + CuO + Fe20s + CraC^ + B2O3 + P2O5+ V2O5 is suitably 5% or less. 

Other than tiie components mentioned above, addition of Fe203 and the liloe which are sometimes contained as 
Impurrties of starting material and a clarifier for glass such as CI, F and SO3 In an amount of 1% or less does not sub- 
stantially degrade the intended physical characteristics of the glass according to the present invention. 

When LigO is contained In the glass, chemical tempering treatment by ion exchange can be performed to enhance 

10 strength of the glass. On the other hand, when the glass is alkali-free glass not containing U2O, any aJkali substances 
do not migrate into a film formed on a substrate and henoe the film is not adversely affected. 

IS Qass (4) is a composition constituted mainly for obtaming a high specific elastic modulus, and the glasses have a 
specific elastic modulus Q of 36 x 10^ Nm/kg or more. Glass having specific elastic modulus Q of 36 x 10^ Nnt/kg or 
more can afford a substrate exhibiting reduced deflection. For example, even when it is made into a substrate having a 
thickness of 0.43 mm or less required for magnetic recording media discs of the next generation, it exhibits a maximum 
deflection of 1.4 ^m or less. As a result, excellent flying stability of magnetic heads can be obtained and hence recon- 

20 struction of recorded information can be stably performed. To oiatain a substrate exhibiting a maximum deflection of 
1 .25 |im or lees, glass having a specific elastic modulus G of 37 x 10^Nm/kg or more Is preferred. Glass having a spe- 
cific elastic modulus of 42 x 10^ Nm/Hg or more is nmre preferred because such glass can afford a substrate which 
exhibits a maximum deflection of 1 .4 ^ or less even if it is made into a substrate of a thickness of 0.38 mm or less to 
meet the demand of further thinner nrwgnelic discs. While a specific elastte modulus as high as possible is prefered, 

^ practical value ttiereof is about 45 x 1 0^ NnVkg or less. 

Glass (4) can have a surface roughness (Ra) of 9A or less. Higher surface smoothness enables a smaller flying 
height of magnetic heads, which is required for higher den^ of magnetic discs. A surltee roughness (Ra) of SA or lees 
can realize a flying height smaller than the conventional flying height For realizing further higher den^ of magnetic 
discs, a surface roughness (Ra) of 5A or less is preferred. 

30 Qass (4) is glass having a transition temperature of TOO^'C or higher. Because of a transition temperature of 700*^0 
or higher, a substrate having heat resistance higher than that of the conventional one, In addition to the reduced deflec- 
tion, can be obtained. Thus, a magnetic disc having improved magnetic characteristics such as coercive force can be 
provided. 

Si02 acts as an oxide for forming the network structure of glass and is a component for improving stability of glass 

ss sti-ucture, i.e.. enhancing crystallization stability against devitrification. Further. Si02 in combination witii an intermedi- 
ate oxide such as Al20^ can enhance mechanfoal properties of glass necessary for substrates for magnetic recording 
media such as strength and stiffness and also improve heat resistance of glass, l-lowever, oxide glass of CaO-AlaO^- 
Si02 system containing nfK}re than 50% of SiO^ no longer ochlbits a specific elastic modulus exceeding 36 x 10^ Nm/kg. 
and therefore tiie content of Si(^ is suitably 50% or less. On the ottier hand, a Si02 content less than 25% significantly 

40 degrades tiie crystallization stability of glass and suff icientiy stable glass suitable for large scale production cannot be 
obtained with such a content. TTieretore, the lower limit of the SiOa content Is 25%. Accordingly, the content of Si02 is 
suitably in tfie range of 25-50%, preferably in the range of 30-50%. 

AI2Q3 Is very important as a component for imparting high heat resistance and high durability and also as a com- 
ponent for enhancing stability of glass structure and stiffness together witii Si02. In particular, when AI2O3 is introduced 

4S Into glass to substitute SiO^. Al^3 enters into the skeletal structure of glass and markedly enhance Young's modulus 
and heat resistance of glass as a skeletal structure-forming component. TTiat is. AI2Q3 Is a component essential for 
enhancing Vbung*s modulus and improving heat resistance. However, a content of AI203 less tiian 20% cannot suffi- 
cientiy improve \bung*s nxxilulus of glass. On the other hand, when the content of AI2O3 exceeds 40%, melt character- 
istics of glass at a high temperature is degraded and hence homogenous glass cannot obtained, and crystallization 

BO stability of glass Is also degraded. TTierefore. the oontent of AI2O3 is suitably in Ihe range of 20-40%, preferably In the 
range of 21 -37%. 

CaO is a component for enhancing stiffness and strength of glass and improving melt characteristics at a high tem- 
perature. It also contributes to improvement of crystallization stability of glass and homogeneity of glass. In particular, 
when a large amount of AI2O3 is introduced as a component greatly contributing to improvement of Young*s modulus of 
ss glass, it is necessary to introduce CaO to improve stability of glass structure and to lower high temperature viscosity to 
facilitate melting of glass. However, when the content of CaO is less than 8%. crystallization stability of glass is nnark- 
edly degraded. On Ihe other hand, when the content of CaO exceeds 30%, Young's modulus of glass tends to be low- 
ered. TTierefore. the content of CaO is suitably In the range of 8-30%, preferably In the range of 10-27%. 
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YgOs is a componentjjBjduced for improving Young's modulus, enhancirw^stailization stability of glass and 
improving durability and m^l^bracteristics of glass at a high temperature. In palBlr, when a large amount of Al^3 
is introduced Ibr enhancing Vbung's modulus of glass, Y2O3 exerts excellent effect as a meMng aid for Ai203. Fbr escam- 
pie. when AlgOa of 25% or more is introduced into glass, homogenous glass can be obtained by adding Y2O3 as a melt- 
5 ing aid. However, since Y2O3 is relatively expensive, its content Is preferably a relatively small amount, i.e.. 1 5% or less 
depending on the properties required ^ glass. On the other hand, the content of Y2O3 is too small, melt characteristics 
of glass at a high temperature Is degraded and specific elastic modulus of glass is lowered. Therefore, the lower limit of 
the content of Y^s is suitably 2%. Accordingly, the content of Y2Q3 is suitably In the range of 2-15%, preferably in the 
range of 3-12%. 

10 MgO is a component for enhancing stiffness and strength of glass and improving melt characteristics of glass at a 
high temperature, it also contributes to improvement of crystallization stability and homogeneity of glass, and improves 
specific elastic modulus. TTils component may optionally be added as desired. However, when the content of MgO 
exceeds 20%, the essential component, CaO, cannot be introduced in a large amount and thus crystallization stability 
tends to be lowered. Therefore, the upper limit of Ihe content of MgO Is suitably 20%. In order to obtain distinct effects 

15 of addition of MgO, its content is preferably 5% or more. 

Ti02 acts as both of a glass skeletal structure-forming component and a modifying component. It lowers high tem- 
perature viscosity, improves solubility of glass and enhances structure stability and durability. By imroducing Ti02 as a 
glass component, Young's modulus of glass can be markedly improved wittiout significantly Increasing specific gravity 
of glass. However, if too nnjch amount of Ti02 is Introduced into Ca0-Al203-SI02 system oxide glass, the glass tends 

20 to show phase separation and crystallization stability and homogeneity are disadvantageously degraded. Therefore, 
the content of TIO^ is suitably 25% or less, preferably 20% or less. In order to obtain distinct effects of addition of Ti02, 
its content is preferably 1% or more. 

U2O is a component mainly for lowering high temperature viscosity of glass to fecilitate melting. In particular, when 
the AI2O3 content Is high, addition of small amount of Is vary effective for obtaining homogenous glass. However, 

25 if its content is too high, durability of glass is degraded and Vbung's modulus tends to be lowered. Therefore, the content 
of U2O is suitably 15% or less, preferably 12% or less. In order to obtain distinct effects of the addition of iJ20, the con- 
tent of IJ2O is preferably 1 .5% or more. 

A62O3 and Sb203 are components added as degassing agents in order to obtain honfX)genous glass. By adding 
AS2O3 or Sb203 or both In a suitable amount selected depending on high temperature yisoosity of glass, more homog- 

$0 enous glass can be obtained. However, if the amount of the degassing agents is too much, specific gravity of glass is 
increased and specific elastic modulus tends to be lowered. In addition, they may react with and damage a platinum 
crucible for melting. TTierefore, the content is suitably 3% or less, preferably 2% or less. In order to obtain distinct effects 
of the addition of the degassing agent, the content Is preferably 0.2% or more. 

TTie other components such as P2O5, V2O5, B2O3. Cr203, ZnO. SrO. NiO, CoO, Fe203. CuO etc. may be added 

35 for controlling melt characteristics at a high temperature and physical properties and the like of glass. For example, 
addition of a small amount of P2OS does not substantially affect specific elastic modulus of glass but significantly lower 
high temperature viscosity of glass and tfieretore melting of glass is fecilrtated. By adding a small amount of a colorant 
such as V2O5, Cr^3, CuO and CoO to glass, infrared ray absorbing property can be Imparted to the glass and heating 
treatment of magnetic layer by irradiation with a heat lamp can be effectively performed. For controlling physical and 

40 thermal properties of glass, the total amount of ZnO + SrO + 1^0 + CoO + FeO + CuO + FegOs + CrgOa +B2O3 + PgO^f 
V2O5 is suitably 5% or less. 

Other than the components mentioned above, addition of Fe203 and the like which are sometimes contained as 
impurities of starting material and a clarifler for glass such as CI, F and SO3 in an amount of 1% or less does not sub- 
stantially degrade tiie intended physical characteristics of the glass according to the present invention. 

45 

Glass (5) of the present Invention is characterized in that it has a \bung*s modulus of 1 10 GPa or more. 

If Young*s modulus is less than 110 QPa, deflection of substrate caused by wind pressure becomes severe when 
50 the substrate Is rotated at a speed of 7200 rpm or more and stable head flying cannot be obtained, and hence reoon- 
struction of recorded information cannot be stably performed. To obtain stable flying of heads, Young's modulus is pref- 
erably 120 GPa or more, particularly preferably 130 GPa or more. While >bung*8 modulus as high as possible is desired, 
it Is practically about 150 GPa or less. 

Glass (5) is glass whose surface roughness (Ra) can be made 9A or less, in addition to having a \bung*s modulus 
55 of 110 GPa or mora Higher surfece smoothness enables a smaller flying height of magnetic heads, whidi is required 
for higher density of magnetic discs. A surface roughness (Ra) of 9A or less can realize a flying height smaller tiian the 
conventional flying height. For realizing liirther h^her density of magnetic discs, glass whose surface roughness (Ra) 
can be made sA or less Is preferred. 
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Glass (5) is gEass having J^Bosition temperature of TOO^'C or higher, in additioM^iaving a >tung's modulus of 
1 10 GPa or more and/or bein^B^ible to have surface roughness (Ra) of SA or leslBKause of a transition temper- 
ature of 7Q{yC or higher, a aibstrate havfng heat resbtance higher than that of the conventional one can be obtained, 
in addition to having the reduced deflection. Thus, a magnetic disc having improved magnetic characteristics such as 
s coercive force can be provided. 

As specific examples of glass (S) having the above characteristics, glass (6) can be mentioned. Glass (6) is an 
oxide glass comprising calions having a small ionic radius, strong chemical bonding force and high packing density in 
the glass structure in order to satisfy the above characterislice. 

10 Glass (6) 

Si02 ads as an oxide for forming the network sbudure of glass and is a component for Improving stability of glass 
structure, i.e., enhancing crystallization stability against devitrification. Further, Si02 in combination vkriih an intermedi- 
ate oxide such as AI2Q3 can enhance mechanical properties of glass necessary for substrates for magnetic recording 

75 media such as strength and stiffness and also improve heat resistance of glass. IHowever, glass containing more than 
60% of Si02 cannot contain a large amount of AI203, which Is a component contributing to improvement of impact 
resistance and mechanical strength. TTierefore. in order to obtain glass having a high \bung's modulus, the Si02 con- 
tent should be limited to 60% or less. On the other hand, if the SiO^ content is too small, tor exanvie, less than 30%. 
crystallization stability of glass is eignif icantiy degraded and sufficiently stable glass suitable for large scale production 

20 cannot be obtained. Therefore, the content of Si02 is in the range of 30-60%, particularly preferably in the range of 32- 
55%. 

AI2O3 is very important as a component for imparling high heat resistance and high durability to glass and also as 
a conponent for enhancing stability of tfie glass structure and stiffness of glass together with 8102- in particular, when 
Al^3 is introduced into glass to substitute Si02. AI2OS enters into the sIcBletal structure of glass and marl<Bdly enhance 
25 Young's modulus and heat resistance of glass as a skeletal structure-ftDrming component. That is, AI2O3 is a component 
absolutely essential for enhancing Young's nxxlulus and improving heat resistance. When the content of AI2O3 exceeds 
35%, mdt characteristics of glass at a high temperature is degraded, and hence homogenous glass cannot be obtained 
and crystallization stability of glass is degraded. TTimfore, the content of Al20^ is 39% or less. In particular, it is pref- 
erably In the range of 1 -30%. 

30 MgO ie a component introduced for enhancing stiffiness and strength of glass and improving melt characteristics of 
glass at a high temperature. It also contributes to Improvement of crystallization stability and homogeneity of glass. In 
particular, when AI2O3, which is a component for greatly improving Young's modulus of glass, is introduced in a large 
amount, MgO is very important for improving stability of glass structure as well as lowering melt characteristics at a high 
temperature to facilitate melting of glass. However, when the MgO content exceeds 40%. crystallization stability suffi- 

35 cient for large scale production cannot be obtained tor glass containing a large amount of Y20^ or AI2O3 for enhancing 
intact resistance and strengtti of glass. Therefore, the content of MgO Is suitably in the range of 0^40%. in particular, 
the content of MgO is preferably in the range of 5-35%. 

Rare earth metal oxides such as Y2O3. ija203, CeOg, Pr2p3, Nc^Qs. Sm203, EU2Q3. Qd203. Tb203, Dy2Q3. 
HO2O3, ErgOs. Tm203 and YbgOs are components introduced for improving Vbung's modulus, enhancing crystallization 

40 stability, and improving durability and melt characteristics of glass at a high temperature. In particular, when a iaige 
amount of AI2OS is introduced into glass for enhancing flexural strength and Impact resistance of glass, the role of the 
rare earth metal oxides as a melting aid of AI2O& cannot be ignored, for example, when 20% or more of Al20^ is intro- 
duced into glass. Y2O3 Is an Indispensable component for the production of homogeneous gl^. However, because 
rare eartti metal oxides are relatively expensive, Ihey are preferably added in an amount as snnall as possible depending 

45 on the desired Vbung'smodulus. If too much amount of rare earth metal oxide is added, while Young's modulus of glass 
increases, specific gravity also markedly increases. On the other hand, addition of rare earth metal oxide in a proper 
amount greatly contributes to improvement of Vbung's modulus of glass. Therefore, the total amount of rare eartti metal 
oxides Is suitably in the range of 1 -27% depending the \bung's modulus desired for glass used as magnetic disc sub- 
stiBtes. In particular, ttie total content of the rare earth metal oxides is preferably in the range of 2-20 % 

50 U2O is a component very useful for improving melt characteristics of glass at a high temperature. In addition, addi- 
tion of small amount of Li20 advantageously and markedly reduces specific gravity of glass without significantly chang- 
ing Young's modulus of glass. Glass containing IJ2O even in a small amount is advantageous for ttie production of high 
strength glass, because It can be chemically tempered by ion exchange. However, the content of IJ2O is too high, crys- 
tallization stability of glass tends to be lowered. Therefore, the content of U2O is suitably 20% or less, preferably 15% 

55 or less. In order to obtain distinct effects of the addition of Li20, the content of U2O is preferably 2% or more. 

In addition, it is suitable that total amount of UgO + MgO + Y2O3 + LaeOs + Ce02 + Pr203 + Nd203 + Stnfi^ + 
EU2O3 + Gd203 + Tb20i5 + Dy203 + H02O3 + Er20i + Tm^3 + Yb203 is more than 25% to increase glass crystallizing 
stability, and Improve glass homogeneity, glass durability, and melting at high temperature. 
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1102 ^ ^lift skeletal structure-forming component and a mogfl|| confiponent. It lowers high tenfi- 

perature viscosity. inproveHit characteristics of glass and enhances structure^Piity and durability. By introducing 
Ti02 as a glass componerrtp Young's modulus of glass can be markedly Improved without slgnfflcanBy Increasing spe- 
cific gravity of the glass. In particular, in glass containing a large amount of MgO or AI2O&. Ti02 improves melt charac- 
teristics at a high temperature and crystalDzation stability of the glass and is surely expected to enhance specific elastic 
modulus of the glass in coirtbination with AI2O3. However, too much amount of 71O2 te introduced, glass tends to show 
phase separation and hence crystallization stability and homogeneity of glass are disadvantageously degraded. TTiere- 
fdre, the content of T1O2 is suitably 20% or less, in particular, its content is preferably 15% or less. In order to obtain 
distinct effects of addition of TiOg, its content is preferably 2% or mora 

Zr02 is a component introduced mainly for enhancing durability and stiffness of glass. Addition of small amount of 
ZrOa inproves heat resistance of glaes and also enhances crystallization stability against devitrHication. However, 
when the oontent of Zr02 exceeds 8%. melt characteristics of glass at a high temperature is markedly degraded, and 
surface smoothness of glass deteriorates and specific gravity increases. Therefore, the content of Zr02 is suitably 8% 
or less, preferably 6% or less. In order to obtain distinct effects of the addition of Z1O2, the content of ZrO^ is preferably 
O.S% or more. 

CaO. ZnO. NiO and FeaOs are components introduced mainly for improving melt characteristics at a high temper- 
ature and crystallization stability of glass. These components has a large cationic radius and effective for improving 
cryetallizalion stability when introduced into glass together with MgO. However, if too much amount of them are intro- 
duced, specific gravity of glass increases and Young's modulus decreases. Therefore, the total content of CaO. ZnO, 
NiO and Fe203 is suitably 15% or less, preferably 12% or less. In order to obtain distinct effects of the addition of these 
components, the total oontent Is preferably 1% or more. 

AS2Q3 and Sb203 are components added as degassing agents in order to obtain homogenous glass. By adding 
AS203 or Sb203 or both in a suitable amount selected depending on high temperature viscosity of glass, more homog- 
enous glass can be obtained. However, if the amount of the degassing agents is too nrtuch, specific gravity of glass is 
increased and Young's modulus tends to be lowered. In addition, they may react with and damage a platinum crucible 
used for melting. TTierelbre. the content of AS2O3 + SbaO^ is preferably 2% or less, more preferably 1 .5% or less. 

TTie other components such as SrO. CoO, FeO, CuO. 0203, B2O3, P2O5. V2O5. etc. may be added for controlling 
melt characteristics at a high temperature, physical properties and the like of glass. For example, addition of a small 
amount of P2O5 does not substantially affect specific elastic modulus of glass but significantly lower high temperature 
viscosity of glass and therefore melting of glass is liacirrtated. By adding a small amount of a colorant such as V2O5, 
Cr203, CuO and CoO to glass, infrared ray absorbing property can be Imparled to the glass and heating treatment of 
magnetic layer by irradiation with a heat lamp can be effectively performed. For improving melt characteristics of glass 
at a high temperature and physical and thermal properties of glass, the total amount of ZnO + SrO + NiO + CoO + FeO 
+ CuO + Cr203 + B2O3 + P2O5+ V2O5 is suitably 8% or less. 

Other than the basic components mentioned above, impurities including a clarifier for glass such as CI, F and SO3 
In an amount of 1% or less does not substantially degrade the intended characteristics of the glass according to the 
present invention. 

Comrnon items in QlMSfia f TV-fQ^ 

In Si02-Al203-RO glasses of the present Invention. Si02. one of major componente of the glass, ads as an oxide 
for forming the networtc structure of glass and is a component for improving crystallization stability of glass structure. 
The Si02 content preferably ranges 25-55 molar %. If the Si02 content is less than 25 molar %. crystallization stability 
of glass is significantly degraded and sufficiently stable glass suitable for large scale production cannot be obtained. If 
the SIO2 content exceeds 55 molar %. specKic elastic modulus and \bung*8 nxxJulus of glass is significantly degraded. 
The Si02 content is more preferably In the range of 30-50 molar %. 

Bivalent metal oxide represented by RO may be selected from MgO, CaO. ZnO, NiO and the like and does not lim- 
ited to these oxides. 

In orter to improve specific elastic modulus and Vbung*e modulus of glass, it is preferred to add at least one of T1O2 
and Zr02. TTie content of TiO and/or Zr02 is suitably more than 5 molar % In order to improve specific etastic modulus 
and \bung's modulus of glass. Ti02 enables to improve Vbung's modulus without increasing of specific gravity of glass. 
However, if too much of TIO2 is introduced, glass tends to show phase separation and hence crystallization stability and 
homogeneity of glass are disadvantageously degraded. Therefore, the content of TIO^ Is suitably 25 molar % or less, 
preferably 20 molar % or less. TTie oontent of ZrO^ is preferably Smolar % or less. If the Z1O2 content exceeds 8 molar 
%. melt characteristics of glass at a high temperature is markedly degraded, and surface smoothness of glass deterio- 
rates and specific gravity increases. More preferably, the content of Zr02 is 6 nx)lar % or less. 

In order to liH)rovB melting properties. Li02 may be introduced. Since too much of Li02 tends to lower Young's 
modulus of glass, a small amount, tor SKample 2 molar % or less, of UO2 Is preferably introduced. It is posslbto to sub- 
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ject glaeeee containing IJO2 to|BBicany strengthen treatment by ion exchange. Wh^^thin film 18 formed on a sub- 
strate made of alkali-free glass^SR^ clo contain Li02. any alkali substances do r^^ft^ate into tfie film and hence 
the film is not adversely affected. 

In order to improve crystallization stability and the lite, B2O3. P2O5. VgOs, Qe02, 08203, Hf02. etc. may be added. 
6 AS2O3 and/or Sb203 ( e.g. 3 molar % or less) may be added as degassing agents in order to obtain homogenous 
glass. ZnO, SrO, NiO, CoO, Fe203. CuO, Cr20i5, B2O3, P2O5. V2O5 etc. may be added for controlling melt characteris- 
tics at a high terrperature. physical properties and the like of glass. By adding a small amount of a colorant such as 
V2O5, Cr203, CuO and CoO to glass, infrared ray absorbing property can be imparted to the glass and heating treat- 
ment of magnetic layer by irradiation with a heat lamp can be eHectively performed. 

10 

Glass (7^ 

Glass (7) contains 20 molar % or more of AI2O3. In Si02-Al203-RO glasses, glass with higher Al^3 content exhib- 
its higher specific elastic modulus. Glasses with 20 molar % or more of AI2O3 exhibit 38 x 1 0^ Nm/kg or more of specific 

75 ebstic modulus which are higher than that of conventional glass for information recording media. The upper limit of 
Ai^3 content is preferably 40 molar %. When the content of AI2O3 exceeds 40 molar %, melt characteristics of glass 
at a high temperature and crystallization stability would be degraded. When glass contains 20 molar % or more of 
Alg03. it is suitable to introduce at least one selected from MgO and CaO as RO. When glass contains a lot of AI2Q3, 
these components act to improve stability of glass structure and faclirtate melting of glass by reducing glass viscosity at 

20 a high temperature. However, if too much amount of these components are added, crystallization stability may be 
degraded. Therefore, the content of MgO + CaO is suHably In the range of 1 &40 molar %. 

2S Glass (8) contains 20 molar % or more of MgO as RO. In Si02-Al203-RO glasses, glass with higher MgO content 
exhibits higher specific elastic nxxlulus. Glasses with 20 molar % or more of MgO exhibit 38 x 10^ Nm/kg or more of 
specific elastic modulus which are higher than that of conventional glass for information recording media. The upper 
limit of Mg content is preferably 45 molar %. When the content of MgO exceeds 4Smolar %, crystallizalion stability may 
be degraded. The content of MgO preferably ranges 20-40 molar %. 

30 When glass contains 20 nx^lar % or more of MgO , it is suitable to introduce S-40 molar % of AI2O3. If the content 
of AI2O3 is 5 molar % or less, crystallizalion stability may be degraded. If the content of AI2O3 exceeds 40 molar %. melt 
characteristics of glass at a high temperature and crystallization stability may be degraded. 

CaO as RO may be added other than MgO. CaO act to Improve melt characteristics of glass at a high temperature 
and crystallization stability. However, if too much of CaO Is introduced, specific elastte modulus may be lowered. There- 

35 fore, the content of CaO is preferably 27molar % or less. 

Glass f 9^ 

Glass (9) further contains Y2O3. In Si02-Al203-RO glasses, specific elastic modulus can be improved by addition 
40 of Y2O3, TTie content of Y2O3 preferably ranges 0 5-17 molar %. Y2O3 is a component for enhancing Young^s modulus 
and improving specific elastic modulus. However, a content of Y2O3 less than 0.5 molar % cannot sufficiently obtain the 
effects. On the other hand, when the content of YgOs exceeds 1 7 molar %, YgOs does not contribute to improvement 
of specific elastic modulus. In addition, a lower content of Y2Q3 is preferred because it Is expenslva 

Effects of Y2O3 addition can be obtainable in 8i02-Al203-RO glasses regardless of the contents of AI2O3 and MgO 
45 as RO. and Y^3 can be added to the glasses of the present Invention containing 20 molar % or more of AI2O3 or 20 
molar % or more of MgO. In particular, addition of Y20^ to glasses containing 20 molar % or more of AI2O3 is effective 
to improvement of specific elastic modulus and melt characteristics of glass at a high temperature. 

Glass (10) 

50 

Glass (10) is glass tor information recording media characterized in that it contains one or more than two metal 
oxides selected from the group consisting of Ti, V, Cr, Mn, Fe, Co, Ni, Cu. Zn, Ga, Ge, Y, Zr, Nb^ Mo. La, Ce. Pr, Nd. Pm. 
Sm, Eu. Gd. Tb. Dy, Ho, Er, Tm. YU Hf . Ta. and W In the range of 3-80 mdar %. 

It has been shown that an oxide of Y or Tl contributes to improve Vbung^s modulus. Use of these substances are 
55 based on a theoretical idea of the present Inventors that use of substances having high Induction rato. which may 
increase glass filling density by introducing into glass, may increase Young's nxxlulus of gisffis. In the same manner, 
introducing metal oxides listed above which can increase glass filling density when they are introduced into glass in the 
range of 3^ molar %. relatively high \bung*s modulus (e.g. 90 GPa or more) can be obtained. Such glass are highly 
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surtable for substrate Ibr i|^|ation recording media such as magnetic discs, the amount of said metal oxides 
introduced is less than 3 %, the increase of Young's modulus of glass is l^lcient, and is not preferable. Also, 
when the amount of said metal oxides Introduced is over 30 molar %, glass cfystallization stability and homogeneity 
may be degraded, or specific gravity is largely increased while specific elastic modulus is decreased, wherein these 
changes differs depending on Idnds of the metal. Therefore it is not preferred. TTie lower llmK of amount of said oxides 
introduced is, with the coneideiiation of increase of Young'b modulus, preferably 5 molar %, more preferably 10 mdar 
%. And, the upper limit of an amount of said metal oxides introduced, with a consideration of glass crystallization sta- 
bility, homogeneity, and specific elastic modulus, is preferably 25 molar %, more preferably 20 molar %. 

Substrate for intormation recording media 

Substrates for Information recording media of the present invention characterized by being composed of one of the 
glasses (1)-(10) mentioned above. Examples of information recording media includes magnetic recording media, and 
examples of magnetic recording media includes magnetic discs such as hard discs. Size and shape of the substrate 
can be selected in view of its use. TTie substrate of the present invention is characterized ty exhibiting high surface 
smoothness. High surface smoothness means 9 A or less, preferably 5A or less of surfiace roughness (Ra). Since dis- 
tance between magnetic head and magnetic disc can be reduced by a magnetic disc using a substrate with high surface 
smoothness, higher recording density is obtainable. 

Production method 

TTie glass and the glass sii)stFBte of the present invention Is not particularly limited, and can be produced by a con- 
ventional production method. For example, glass materials of a given composition can be meKed by the high tempera- 
ture melting method, i.&, melted In air or inert gas atmosphere, homogenized by bubbDng, addition of degassing agent, 
stin-ing or the like and molded into plate glass by well-known press method, down draw method or the like. Then, sub- 
strates for magnetic recording media of a desired size and shape can be obtained from the plate glass by processing 
such as cutting and polishing. In ttie polishing, surface roughness (Ra} of sA, preferably 3-5A can be obtained by wrap- 
ping or polishing with polishing powder of cerium codde or the like. 

Because the glass of the present invention is excellent in the heat-resistance, surface smoothness, chemical resist- 
ance, optical properties and mechanical strengtti, it can be suitably used for substrates of information recording media 
such as magnetic discs, glass substrates for magnet optical discs, glass substrates for optoelectronics such as those 
for optical discs, heat resistant substrates for low temperature polycrystalline silicon liquid crystal display devices, which 
are expected as next generation LCD, siibstrates for various electric and electronic components or the like. 

Ma gnetic disc 

A magnetic disc (hard disk) comprising a substrate composed of tiie glass of the present invention desaibed above 
and at least a magnetic layer formed on a main surface of the sutistrate will be ocplalned hereinafter. 

As layers other tiian the magnetic layer, underlying layer, protective layer, lubricating layer, unevenness control 
layer and the like are optionally formed depending on functions of the disc. TTiese layers can be formed by various thin 
film-forming teGhnk:|ues. 

Material for the magnetic layer ie not particularly limited. For example. In addition to Co magnetic layers, ferrite mag- 
netic layers, Iron-rare earth metal magnetic layers and ttie like can be mentioned. The magnetic layer may be eittier for 
horizontal magnetic recording or vertical magnetic recording. 

Specific examples of the magnetic layer include, for example, those containing Co as a main component such as 
CoPt. CoCr. CoNi, CoNiCr, CoCrTa. CoPtCr and CoNICrPt, CoNiCrTa. CoCrPtTa. CoCrRSiO and the like. The mag- 
netic layer may be consisted of multiple layers comprising a non-magnetic layer for noise reduction separating magnetic 
layers. 

The underlying layer of the magnetic layer may be selected depending on the nature of the magnetic layer. For 
example, the underlying layer may be ttiose comprising one or more of non-magnetic metals such as Cr, Ma lb. T1, W, 
V, B and Al, oxides, nitride, caitides and ttie like of those metals. For a magnetic layer comprising Co as the main com- 
ponent, an underlying layer of pure Cr or Cr alloy Is preferred for improving magnetic characteristics. The underlying 
Icyer is not limited to a monolayer, and may be composed of Identical or nonidentical multiple layers. For example, the 
underlying layer may be a multi-layer underlying layer such as AI/Cr/CrMo and Al/Cr/Cr 

The unevenness oontroi layer for preventing absorption of magnetic disc to magnetic head may be provided 
between the eubetrate and the magnetic layer or on tiie magnetic layer. Because surface roughness of the disc is prop- 
erly controlled by the unevenness control layer, the magnetic disc is prevented ftcm being absorbed to the magnetic 
disc and hence a highly reliable magnetic disc can be provided. Various materials and production methods for the une- 
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venne68 contral layer have bed^wwn and they are not particularly limited. For exagl^the material of Hie uneven- 
nes6 control layer may be onelBIre metals selected from Al, Ag, Ti, Mb, Ta, Bi. ^^^r, Cu, Au, Sn, Pd, Sb, Ge, 
Mg and Ihe like, alloys thereof, oDodes, nitrides, carbides thereof and the like. For the ease of producHon, those pro- 
duced from metais containing Ai as a main component such as pure Al, Al alloys, Al oxides and Al nitrides are preferred. 

6 For good head stictton, surface roughness of the unevenness fomriing layer is preferably Rmax of 50-300A, more 
preferably Rmax of IOO-200A. When the Rmax is less than 50 A, the disc surtece is nearly flat, and hence the magnetic 
head and the disc are alasorbed to each other. This may dieadvantageously cause damage of the magnetic head and 
the magnetic disc, and head crash. On the other hand, when the Rmax exceeds 300A, glide height becomes larger and 
recording density is dteadvantageously lowered. 

10 Unevenness may be provided on the surface of the glass substrate by a texturing treatment sudi as etching treat- 
ment and irradiation of laser lights instead of providing the unevenness control layer. 

The protective layer may be. tbr example, a Cr l^er, Cr allpy layer, cartoon layer, ^oonla layer, silica layer or the 
lite. These protective layers can be successively formed by an inline sputtering apparatus together with the underlying 
layer. Itie magnetic layer and the like. TTiese protective layers may have either monolayer structure or multilayer struc- 

16 ture comprising identical or diffierent layers. 

Another protective layer may be provided on or instead of the protective layer explained above. For example, a sil- 
icon oxide (8102) layer may be formed on the protective layer mentioned above by applying tetraaikoxysiiane diluted in 
an alcoholic solvent, in whidi colloidal silica further disper^, and sintering the appfied layer. TTiis layer functions as 
both a protective layer and as an unevenness control layer. 

20 While various kinds of layers have been proposed as the lubricating layer, it is generally formed by applying a liquid 
lubricating agent, pert luoropolyether. diluted in a solvent such as freons by dipping, spin coating, spraying or the like 
and subjecting the ooated layer to a heat treatment as required. 

EXAMPLES 

26 

The present invention will be Hirther explained with reference to the following examples. 
The glass oomposrtjons given in Examples 1-61 which are examples of glasses (1}-(4) are shown in Tables 1 -5 and 
the glass oompos'rtions given in Examples 100-190 which are examples of glasses (5)-(6) are shown in Tables 6-13 in 
molar %. In addition, the glass compositions given in Examples 200-209 which are examples of glasses (7)-(9) are 
30 shown in Tables 1 4 in molar %. Most of these examples are examples of glass (1 0). 

As the starting materials of these glasses, Si02. AI2O3, AI(0H)3, MgO, CaCOs, Y2O3. Ti02. Zr02. Li2C03 and the 
lite were weighed into 250-300 g portions according to the given compositions shown in Tables 1 -14 and mixed suffi- 
ciently to provide formulated batches. Each of them was charged in a platinum crucible and melted in air for 3 to 5 hours 
at 1550''C. After the melting, the glass melt was cast Into a carbon mold having a size of 1 80 x 15 x 25 mm or 0 67 x 5 
3s mm. left to cool to the glass transition temperature, immediately transferred into an annealing furnace, annealed in the 
glass transition temperature range for about 1 hour and left to cool to room tempensiture in the furnace. The resulting 
glasses did not contain crystals deposited which can be observed by a microscope. 

Glass pieces having a size of 180 x 1 5 x 25 mm were polished into pieces having a size of 1 00 x 10 x 10 mm or 10 
x 10 X 20 mm and used as samples for measurements of Vbung*s modulus, specific gravity and DSC. Glass discs of 0 
40 67 X thickness of 5 mm were polished into discs of 0 65 x thickness of 0.5 mm and used as samples for measurement 
of surface roughness. The plate glass pieces of 10 x 1 x 20 mm were ground into 150 mesh pcwder, and SO mg of the 
remitting p^er were charged into a platinum pan and subjected to the DSC measurement using MAC-3300 DSC 
apparatus. The measurement of \bung's moduli^ was achieved by the ultrasonic method using samples of 100 x 10 x 
10 mm. 

46 Values of surtace roughness, specific gravity, Vbung*s modulus, specif ic elastic modulus and transition temperature 
obtained in the measurements tor the glasses of Examples 1-61 are shown in Tables 1 -5 together with the glass com- 
positions. 

The obtained glasses were cut into discs and their main surfaces were polished with cerium oxide to afford mag- 
netic disc substrates having a radius of outer circular periphery of K.5 mm, radius of inner circular periphery of 10.0 
50 mm and thickness of 0.43 mm. The results of deHecllon measurement of the obtained discs are also shown in Tables 
1-5- 

Values of surlace roughness, Yaung's modulus and transition temperature obtained in the measurements tor the 
glasses of Example 100-190 are shown in Ibbies 6-13 together with the glass compositions. 

Values of surface roughness, specific gravity. Young's modulus and specific elastic modulus obtained in the meas- 
55 urements for the glasses of Examples 200-209 are shown in Table 1 4 together with the glass compositions. 

For comparison, compositions and characteristics of the ton exchanged glass substrate described in Japanese Pat- 
ent Unexamined Publication Na Hei 1-239036 and the glass substrate described In Japanese Patent Unexamined Pub- 
lication No. Hei 7-18771 1 are shown In Tables 5 and 13 as Comparative Examples 1 and 2. 
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BB As seen from the results shown In Tables 1 -1 4, the glasses of Examples 1 -61 . 100-1 90 and 200-209 have a high 
glass transition temperature and hence have sufficiently high heat resi^nce enough to bear desired heat treatment 
(usually at a temperature of 700^C or lower). In particular, they exhibits high glass strength characteristics such as 
Ybung*s modulus and/or specific elastic modulus. Therefore, when they are used as substrates for magnetic recording 
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media, they are not likely t^^kjjbit warp or walking even when ihey are rotated aaB|igh speed, and hence they can 
meet the demand of lurthei^Per sub&trates. In addition, they can have so exd^jpi flatness as to be polished to a 
surtace roughness (Ra) of sA or less, and therelbre they can realize smaller flying height Furthermore, the glasses of 
Examples 1 -61 also exhibit reduced def lectjon. TTierefbre, Itie glasses of the present invemion are useful as glass sub- 
strates tor nnagnetic recording media. 

On the other hand, whOe the chemically tempered glass substrate of Compaiative Example 1 is excellent in surface 
smoothness and flatness, it Is substantially inferior to the glass substrates of the present invention in heat resistance 
and strength characteristics such as specific elastic modulus. TTierefore. when it is used for producing magnetic record- 
ing media, It cannot be subjected to sufficient heat treatment for the magnetic layer to obtain high coercive force and 
hence magnetic recording media having high coercive force cannot be provided. Moreover, such a glass having a low 
specific elastic modulus of around 30 x 10^ Nm/kg suffers severe warp and deflection when it is made into substrates 
and therefore It cannot be used for thinner substrates. 

The crystallized glass substrate of Comparalive Example 2 is significantly inferior to the glasses of the present 
Invention as to specific elastic nnodulus and surface smoothness. In particular, the surface smoothness of the substrate 
is degraded by relatively large crystal partidee and hence higher recording density cannot be achieved. 

The glasses of the present invention have high Young's modulus, high specific elastic modulus and high heat resist- 
ance, and therefore they are extremely useful as substrates for magnetic discs. 

Method for producing haid disc 

As shown In Fig. 1 , a magnetic disc 1 comprises a glass substrate 2 made of the glass of the above Example 1, on 
which unevenness control layer 3, underlying layer 4, magnetic layer 5, protective layer 6 and lubricating layer 7 are pro- 
vided in this order 

Each layer will be explained in detail. The substrate 1 was a disc having an outer circular periphery radius of 32.5 
mm, inner circular periphery radius of 1 0.0 mm and thickness of 0.43 mm, whose main ^rfaces were subjected to pre- 
cision polishing so that Ifiey should have surface roughness Ra of 4 A and Rmax of 40A. 

TTie unevenness control layer is a thin AIN li^er of 5-3S% rtitrogen content having average roughness of SOA and 
surfiace roughness Rmax of ISO A. 

The underlying layer is a thin layer of CrV composed of Cr: 83 al% and V: 1 7 at% having a thidgiess of about 600A. 

The magnetic layer is a thin layer of CoPtCr composed of Co: 76 al%, Pt: 6.6 at%, Cr : 1 7.4 at% having a thickness 
of about 300A. 

TTie protective layer is a caiton thin layer having a thickness of about lOOA. 

The lubricating layer is a layer having a thickness of sA, which was formed by applying perfluoropolyether on the 
cartx)n protective layer by spin coating. 

Tlie method for producing magnetic discs win be explained hereinafter. 

The glass of Example 1 was cut into a disc having an outer circular periphery radius of 32.5 mm, inner circular 
periphery radius of 10.0 mm and thickness of 0.5 mm and the botti main surfaces were subjected to precision polishing 
so that they should have surface roughness Ra of 4A and Rmax of 40A to afford a glass substrate tor magnetic discs. 

Subsequently, the above glass substrate was placed on a substrate holder and transferred into a charging chamber 
of inline sputtering apparatus. Then, the holder on which the glass substrate was placed was transferred to a first cham- 
ber where an Al target was etched and sputtering was perfonned at a pressure of 4 mtorr and substrate temperature of 
SSO^'C in an atmosphere of Ar + N2 gas (N2 » 4%). As a result, an AIN thin layer having surface roughness Rmax of 
150A and thickness of SOA (unevenness torming layer) was provided on the glass substrate. 

The hoUer on which the glass substrate having the fbrmed AIN byer was placed was then serially transfen'ed into 
a second chamber provkled with a CrV target (Cr: 83 at%, V: 1 7 at%) and a third chamber provided with a CoPtCr target 
(Co: 76 at%, Pt: 6.6 a1%, Cr: 17.4 at%) successively, and Ihln layers were formed on the substrate. Sputtering was per- 
formed at a pressure of 2 mtorr and substrate temperature of SSO^'C in an Ar atmosphere, thereby a CrV underlying 
layer having a thickness of about 600 A and CoPtCr magnetic layer having a thickness of about 300 A were formed. 

The substrate having the formed unevenness control layer, underlying layer and magnetic layer was then trans- 
fered to a fourth chamber provided with a heater tor heat treatment The fourth chamber had an inner atmosphere of 
Ar gas ((pressure: 2 mtorr) and the heat treatment was performed. 

The substrate was then transfen'ed into a fifth chamber provided with a carbon target, and a carbon protective layer 
having a thickness of about IOOA was formed under the same conditton as used for forming of the CrV underlying layer 
and the CcPtCr magnetic layer except that the layer was formed in an atmosphere of Ar + H2 gas (H2 = 6%). 

Finally, the substrate after forming the carbon protective layer was taken out from the above inline sputtering appa- 
ratus, and a lubri^ng layer having a thickness of 8 A was formed by applying perfluoropolyether on the carbon pro- 
tective layer by dipping to produce a magnetic disc. 

The present invention was explained by referring to the preferred examples, but the present invention is not limited 
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to the above examples. 




Utility In Industry 

By using glass of the present invention, a glass substrate having high specific elastic modulus of 36 x 10^ Nm/Kg 
or more or high Young*s modulus of 1 10 QPa or more, high transition temperature of 700°C or higher (high heat reeisl- 
ance), excellent surface smoothness (surface roughness Ra < 9A) and high strength can be provided. Because the 
glass of the present invention has excellent heat resistance, it can be subjected to heat treatment necessary for impn>v- 
ing magnetic layer characteristics vtfHhout causing defomratlon of substrates made from IL TTierefore, it can have excel- 
lent flatness and hence achieve smaller flying height of magnetic head, i.e., higher recording density. Moreover, it 
exhibits high specific elastic modulus and high strength, it can realize thinner magnetic discs and prevent breakdown of 
magnetic discs. Furthemnora it can be ^ably obtained as glass and easily produced In an indi^trial scale. Therebre. 
it can be surely expected to be used as economical glass for substrates of next generation magnetic recording media. 

Claims 

1 . Glass for substrates having a specific elastic modulus Q of 36 x 1 0^ Nm/kg or more. 

2. The glass of ctaim 1 whose surface roughness (Ra) can be made 9A or less. 

3. The glass of claim 1 which has a transition temperature of TOO^'C or higher. 

4. Glass having a composition of . as oxides constituting the glass, SiO^: 25-52%. Al^Oz. 5-35%. MgO: 15-45%. 
Y2Q3: 0-1 7%, TIO2: 0-25%, ZrOa: 0-8%, CaO: 1 -30%, provided that Y^3+ Ti02 + ZrOz + CaO: 5^0% and B2Ch 
+ P2O5: 0-5%. in molar %. and having a specific elastic modulus of 36 x 1 0^ Nm/kg or more. 

5. The glass of claim 4 further containing A82O3 + SbzOa: 0-3% and ZnO + SrO 4- NIO -1- CoO + FeO + CuO + Fe203 
+ Cr203 + B203+ P205+V205: 0-5%. 

6. Glass having a composition of, as oxides constttuting the glass. Si02: 25-60%. AI203: 10-37%, MgO: 5-40%, Tip2: 
1-25%. in molar %. and having a specific elastic modulus of 36 x 10^ Nm/kg or more. 

7. The glass of claim 6 further containing Y2O3: 0-1 7%. Zr02: 0-8%. CaO: 0-25%. As203+ 8520^: 0-3% and ZnO + 
SrO + NiO + CoO + FeO + CuO + Fe203 + Cr^s + B2O3 + P2O5 + V2O5: 0-5%. 

8. Glass having a composition containing, as oxides constituting the glass. Si02: 25-50%, AI2O3: 20-40%. CaO: 8- 
30%, Y20^: 2-15%, in molar %, and having a specific elastic modulus of 36 x 10^ Nm/kg or mora 

9- The glass of claim 8 further containing MgO: 0-20 %, Ti02: 0-25%, UgO: 0-12%, AS2O3+ Sb20^: 0-3% and ZnO + 
SrO + NiO + CoO + FeO + CuO +Fe203 + Cr203 + B2O3 + P2O5 + V2O5: 0-5%. 

1 0. The glass of any of claims 1 -9 wherein the glass exhibits a Ynmg's modulus of 1 10 QPa or mora 

1 1 . Glass for substrates wherein the glass exhibits a >bung*s modulus of 1 10 GPa or mora 

1 2. The glass of claim 1 1 whose surface roughness (Ra) can be made 9A or less. 

13. The glass of claim 11 or 12 having a transition temperature of 700^C or higher. 

14. Glass having a composition containing, as oxides constituting the glass. 810^: 30-60%, AI2O3: 0-35%, MgO: 0- 
40%, U2O: 0-20%. Y2O3: 0-27%. 13203: 0-27%. CeOa: 0-27%. PrgOg: 0-27%. Nd203: 0-27%, SmgOg: 0-27%. 
EU2O3: 0-27%, Gd203: 0-27%, TbgOs: 0-27%, Dy203: 0-27%, HO2O3: 0-27%, ErgOs: 0-27%, TmgOs: 0-27%, 
YbgOg: 0-27%. provided that Y2O3 + LagOg + Ce02 + Pr2Q3 + Nd^s + 8^203 + Eu2Q3 + Qd2Q3 + Tb203 + DygOg 
+ H02O3 + ErgO^ + Tm203 + YbgO^: 1 -27% and UgO + MgO + Y2C^ + LagOs + Ce02 + PrgO^ + Nd203 + SmgOa 
+ EU2Q3 + Qd203 + Tb2Q3 + Dy2Q3 + H02Q3 + Er2Q3 + Tm2Q3 + Yb203 > 25%. in molar %. and having a Vbung's 
modulus of 1 10 GPa or mora 

15. The glass of claim 14 further containing TIQz: 0-20%. ZrOg: 0-8%, provided that TiOg + Zr02: 0-20%, CaO: 0-15%. 
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ZnO: 0-1S%. NiO: 0-15^|p FegOs: 0-19%, provUed ttat CaO + ZnO + NiO^^Oa: 0-15 %. 

16. "me glass of daim 14 or 15 further containing A82O3+ Sb203: 0-2%. B2O3 + P2O5 + Nb206 + V2O5 + Cr203 + 
QaaO^ + CoO + SrO + BaO + 1=^0 CuO + MnO + NagO + K20: 0-8%. 

5 

1 7. ITie glass of any of claims 1 4-1 6 wherein the glass exhibits a specific elastic modulus Q of 36 x 1 0^ Nm/kg or more. 

1 8. TTte glass of any of claims 1-17 which is glass for substrates of magnetic discs. 

w 19. A material which is used for a substrate of Information recording media and consists of SiOg-AlaOs-RO glass 
wherein R is a covaient metal which is characterized in that said glass contains 20 molar % or more of AI2O3. 

20. A material which is used for a substrate of information recording media and consists of Si02-Al203-RO glass 
wherein R is a covaient metal which Is characterized in that said glass contains 20 moiar % or more MgO as RO. 

15 

21. A material which is used for a substrate of information recording media and consist of Si02-Al203-RO glass 
wherein R is a covaient metal which is characterized in that said glass further contains Y2O3. 

22. Tlie material of dalm 21 which oontalns 0.5-17 mdar % of Y2O3. 

23. The material of any of claims 1 9-22 which contains at least one of TIO2 and ZrOa. 

24. A substrate for information recording media characterized in that said substrate consists of material of any of claims 
19-23. 

25. Glass used for Information recording media characterized in that said glass contains one or more than two metal 
oddes which are selected form the group consisting of Tl. V, Cr, Mn, Fe, Co, Ni, Cu, Zn. Ga, Ge, Y, Zr, Nb, Mo, La. 
Ce. Pr. Nd, Pm. Sm, Eu, Qd, Tb, Dy, Ho. Er, Tm, Yb, Hf, Ta, and W in the range of 3-30 molar %. 

30 26. Tlie glass of claim 24 wherein >bung's modulus of the glass is 90 GPa or more. 

27. A substrate used for infbmiation recording media characterized in that said substrate consols of the glass of daim 
25 or 26. 

35 28. A substrate of claim 24 or 27 wherein the infbrmalton recording media are magnetic discs. 

29. A magnetic disc characterized in that said disc has at least a magnetic layer on the substrate of claim 28. 
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DescrfpHon ^ 
Field of the Invention 



[0001] The present Invention relates to glass and glass substrate suitably used for substrates of information recording 
media such as magnetic discs and optical discs, heat resistant substrates of low temperature polyciystalline silicon 
liquid crystal display devices, which are expected as next generation LCDs, substrates for various electric and electronic 
components and the like. In particular, It relates to glass suitable for substrates of Information recording media and the 
like, which exhibits high specific elwtic modulus and/or Young's modulus and high heat resistance and, when used as 
a ^bstrate, realizes excellent surface smoothness. 



Deecriplion of the Related Art 



[OOOZI Major components of magnetfc storage devices cf electronic computers and the like are a magnetic recording 
medium and a magnetic head for reconstaiction of magnetfcally recorded Information. Flexible discs and hard disks 
have been known as magnetic recording media. As substrates for hard discs (magnetic discs), for example, aluminum 
substrates, glass substrates, ceramic substrates, cartoon substrates and the like have been known, in practical use, 
however, an aluminum substrate or a glass substrate is mainly used according to the intended size and the use thereof. 
[0003] Recently, flying height of magnetic heads Is markediy reduced as hard disc drivers for notebook peiBonai 
computers are made smaller and their magnetic recording density made higher. Accordingly, extremely high precision 
has been demanded for the surface smoothness of magnetic disc substrates. 

[0004] However, It Is difficult to produce smooth surface more than a certain level of precision with an aluminum 
alloy. TTiat is, even though it is polished by using highly precise abrasives and processing apparatuses, the polished 
surface may suffier from plastic <fafbrmation because of the low hardness of the alloy. Even If the aluminum alioy is 
plated with nickel-phosphorous, the surface roughness Ra cannot be made 2 nm (20A) (angstrom) or less. In addition, 
as hard disk drivers are made smaller and thinner, a further smaller thickness of substrates for magnetic discs is also 
strongly dedred. However, ft Is difficult to produce such a thin disc with an aluminum alioy having a certain strength 
defined by specification of hard disk drivers because of low strength and stiffness of aluminum alloy. 
[OOOq Therefore, glass substrates for magnetic discs having high strength. Ngh stiffness, high Impact resistance 
and high surface smoothness have been devefoped. Because glass substrates have excellent surfeoe smoothness 
and mechanical strength, they have been paid much attention as substrates for present and future use. For example, 
as such glass substrates, chemically tempered glass substrates whose surfaces are strengthened by the ion exchange 
technique, crysteHlzed glass subetrates subjected to crystellizatfon treatment, alkali-free glass substretes which do not 
substantially contain alkaline substances and the like have been known well. 

[0006] For example, as a chemically tempered glass substrate, Japanese Patent Unexamined Publication No. Hei 
1-239036 (referred to as Reference 1 hereinafter) discbses a glass substrate tor magnetic recording media strength- 
ened by subjecting to ion exchange treatment a glass material for the substrate containing, indicated in tenns of % by 
weight. 60-70% of SiOz, 0.5-14 % of AigOa, 10-32% of RgO where R is an alkali metal. 1-15% of 2nO and 1.1-14% off 
B2O3. 

[0007] As a crystallized glass, Japanese Patent Unexamined Pubilcatton No. Hei 7-18771 1 (referred to as Reference 
2 hereinafter) discloses a glass substrate for magnetic recording media containing, indicated in terms of % by weight, 
5^65% of SIO2, 18-25% of CaO. 6-11% of NagO, 6-12% of KgO. 0-2.5% of Aipg and 5-9% of Fand containing kanaslto 
as main crystals. U.S. Patent No. 5,391,522 (refened to as Reference 3 hereinafter) discloses a crystallized glass 
substrate for magnetic discs oonteining 65-83% of SIO2, 8-13% of LI20, 0-7% of KgO, 0.5^.5% of MgO. 0-5% of 2nO 
0^% of PbO, (provided that MgO + ZnO + PbO Is 0.5^%), 1-4% of P2O5, 0-7% of AI2O3 and 0-2% of AsjOo + SboOg 
and containing microcrystaiiine particles of Ll20-2Si02 as main crystals. 

[0006] As an alkali-free glass, Japanese Patent Unexamined Pubfication No. Hei 8-169724 (refened to as Reference 
4 hereinafter) discloses a glass substrate for magnetic discs having a composition containing, indicated In ternis of % 
by weight, 35-55% of SiOg + Al20g. M0% of B2O3, 40-60% of CaO + BaO, prevkled that CaO ^ 5%, 0-10% of ZnO 
+ SrO + MgO, 0-^% of TlOap 0-5% of ZrOg, 0-1% of ASgOa and/or Sb^Oa. 

[OOOq EP-A-0 710 627 describes a glass-ceremic material used for rigid disc substrates for use in magnetic memory 
disc devices. These glass-ceramic articles are prepared by heat treatment of precursor glass bodies. 
[0010] Recent HDDs (hard disk drivere) have been required to have higher recording capacity to meet higher per- 
formance of personal computers, and a smaner and thinner disc substrate, smaller flying height of magnetic heads 
and higher revolution speed of discs have been required to meet smaller size and higher performance of personal 
computers, it is expected that the thickness of 6.35 cm (2.5-inch) diameter disc substrates should become thinnerfrom 
the present thickness 0.635 mm to a thickness of 0.43 mm, or even 0.38 mm. In addition, for recent higher recording 
density of 8^9 cm (3.5)-inch hard discs for senders and higher data processing speed, requirement Ibr stiflhess of 
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substrate materials beocMBncreasingly severer, and conventional alumlnur^^^rates seem to almost reach their 
limits of performance. It iSiPacted that further higher capacity and smaller siSl^hard discs will be sought in futuie. 
Therefore, smaller 1hicl<ness, higher strength, mora excellent surface smoothness, higher impact resistance and the 
like of substrates for magnetic recording media will t>e fiirlher sirongiy demanded. 

9 [001 1] However, as disc substrates become thinner, they become more lllcely to suffer deflexion and warp. On the 
other hand, as higher recording density is sought, lower flying height of magnetic heads and higher revolution speed 
of magnetic discs are further sought yet, and such deflexion and warp of substrates may cause brealcdown of magnetic 
discs. However, if thidcness of conventional glass substrates is made thinner than currently used, the problems due 
to the deflexion and warp mentioned above will become unacceptably marked and thus thinner discs cannot be realized. 

to [0012] Degree of deflexion and warp of substrates can be evaluated from specific elastic modulus (= Young's mod- 
ulus/specific gravity) or Young's modulus of substrate material. Materials of higher specific elastic modulus are required 
forsuppressingtheproblernsof the deflexion and warp of substrates made with a srnallerthl^^ Further, materials 
of higher Young's modulus are required for suppressing the problems of the deflexion of substrates to be rotated at a 
high speed. 

[0019] The above situation may be further explained as follows. TTiat is, with recent improvements on smaller size, 
higher capacity and higher speed of HDDs, it is expected that the thidcness of 8.89 cm (3.5}-inch discs currently used 
of 0.8 mm wlli be made smaller to 0.635 mm, and 0.635 mm of current 6.35 cm (2.5)-lnch discs to 0.43 mm, or even 
to 0.38 mm. Revolution speed of substrates is also ^ected to be made faster Irom the current maximum speed of 
7200 rpm to 10000 rpm, or even to 14000 rpm. As substrates for such magnetic recording media become thinner, they 
20 become more likely to suffier deflexion, undulation and warp, and it Is expected that, as the revolution speed becomes 
higher, stress loaded on the substrates (force exerted by wind pressure caused by rotation of discs) will become larger. 
Based on the theory of dynamica, the deflexion W of a disc receiving load of P per unit area is rspresented by the 
following formula: 



25 



46 



whenelna represents an outer diameter of disc, hrepresentsathiclcness of substrateand E represents Young's modulus 
30 of disc material. 

[0014] In static state, force loaded on the disc Is the gravitation alone, and the deflexion W is represented by the 
following formula: 

36 Woo— r^^^JL- 

h^E h^E h^G 

wherein d represents a specific gravity of disc material and G is a specific elastic modulus of disc material (= Young's 
modulus/specific gravity). 

40 [001 5] On the other hand, supposing that the gravitational force is balanced by centrifugal force and can be ignored 
in rotating state of disc, force loaded on the disc may be considered only wind pressure caused by the rotation of the 
disc. The wind presnjre is represented as a function of disc revolution speed and said to be proportional to the second 
power of the speed. Accordingly, the deflexion W when the disc is rotating In a high speed la represented by the Ibllowing 
formula: 



Woo 



h^E 



so [0016] Therefore, in order to suppress the deflexion W of substrate to be rotated at a high speed, a material of high 
Young*s modulus E is required. According to the present inventors' calcuiation, when the thidcness of 6.35 cm (2.5)- 
Inch substrate is made smaller from 0.635 mm to 0.43 mm, and the thickness of 3.5-inch substrate from 0.8 mm to 
0.635 mm, a substrate material having a specific elastic modulus higher than that of oonventional materials should be 
required. Further, when the current revolution speed of 8.89 cm (3.5)-inch high-end substrates of 7200 rpm is made 

65 fSaster to prospective 10000 rpm, an aluminum substrate having Young's modulus of around 70 QPa cannot meet such 
a high speed, and a new substrate material having a farther higher Young's modulus should be required. As the specific 
elastic moduli^ or Young's modulus of substrate material becomes higher, not only stiffhess of substrates becomes 
higher, but also impact resistance and strength of substrates become higher. TYierefore, a glass material having high 
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specific elastic modulus ^^igN Young's modulus is strongly desired in the HDD production. 
[001 7] There are furthe'lP^erties of substrates for magnetic recording med«iquired for realizing higher recording 
density other than the specific elastic modulus and Young*s modulus. One of those is high heat resistance, and another 
Is high surface smoothness, in order to obtain higher recording density of magnetic recording media, it Is necessary 

5 to enhance magnetic characteristics such as magnetic coercive force of magnetic layer (magnetic recording layer). 
While coercive force of magnetic layer may vary depending on the Idnd of magnetic material used, coercive foroe of 
the magnetic material may be enhanced by heat-treatment even if the same material is used. Therefore, separating 
from development of new magnetic materials, it may be desirable to treat a magnetic layer formed on a substrate at a 
higher temperature in order to obtain higher ooerdve force using a conventional material, it is also possible to obtain 

10 higher recording density by maicing flying height of magnetic heads smaller. Therefore, the flying height of magnetic 
heads will be further made smaller in future. To realize smaller flying height of magnetic heads, good smoothness of 
disc surfaces and hence good smoothness of substrate surfaces are required. 

[00iq The chemically tempered glass disclosed in Reference 1 has a glass transition point of around 500°C. How- 
ever, to improve coercive force of magnetic layer, heat treatment at a temperature higher than 50(PC is effective. 

15 Accordingly, heat resistance ofthe chemically tempered glass of Reference 1 ilselfis insufficient. Chemically tempered 
glasses are generally made by providing an ion exchanged layer with alkali metal ions on surfaces of the glasses. 
However, when a magnetic layer is fbrnned on the surface of a chemically tempered glass and heat-treated, the ions 
In the Ion e}a:hanged layer may dlsadvantageously migrate to the magnetic layer and adversely affect It. TTie migration 
ofthe alkali metal ions to the magnetic layer is more activated as the temperature becomes higher. To suppress the 

20 migration of alkali metal ions, heat treatment at a lower temperature is desirable. Thus, when chemically tempered 
glass substrates are used, It is difficult to improve magnetic characteristics by heat treatment at a high temperature 
and it is difficult to obtain magnetic recording media having high coercive force. The above chemically tempered glass 
has a specific elastic modulus of about 30 x 10^ Nm/kg and Young's modulus of about 80 GPa, and hence exhibits 
poor stiffness. TTierefbre, It cannot be used for 3.5-inch high-end disc substrates and thinner disc substrates. Moreover, 

25 chemically tempered glass substi-ates have stress layers on both surfaces, and these stress layers may cause deflexion 
when the stress layers do not have uniform and equivalent stress. TTierefore, it Is difficult to realize smaller flying height 
of magnetic heads and high-speed rotation with chemically tempered glass. 

[0019] The conventional crystallized glasses such as those disclosed in References 2 and 3 exhibit excellent heat 
resistance because they do not show transition. However, glass substrates for magnetic recording media are required 

30 to have more excellent surface smoothness as h^her recording density is attempted. This is because higher recording 
density of magnetic recording media requires a smaller flying height of magnetic heads. However, because crystallized 
glass contains many micropartlcles, they hardly afford substrates of a surface roughness (Ra) of 1 nm (lOA) or less. 
As a result, substrates have poor surtaoe smoothness and surface configuration of discs is degraded. An unevenness 
control layer, for example, is formed on substrates to prevent a magnetic head from being absorbed to magnetic discs. 

35 However, It is difficult to control surface homology of such an unevenness control layer provided on a substrate of 
crystallized ^ass. 

[0020] The alkall-free glass disclosed in Reference 4 has a high transition temperature as high as 730^C at most. 

However, it has a specific elastic modulus of only 27-34 x 10^ Nm/kg and Young's modulus of around 70-90 GPa, and 

hence it can no way meet the demand of further thinner magnetk: disc ^bstrates. 
40 [0021] As a substrate of excellent heat resistance, the cartx)n substrate disclosed in Japanese Patent Unexamined 

Publication No. Hei 3-273525 (referred to as Reference 5 hereinafter) can be mentioned. However, the carbon substrate 

has a specific elastic modulus of around 15-19 x 10^ Nm/kg end hence it Is inferior to glass in mechanical strength. 

Therefore, it can hardly meet the demand for a thinner sutjstrate required for the production of smaller magnetic discs. 

in addition, carbon substrates have many surface defects and hence it is difficult to realize higher recording density 
46 with them. 

[0022] Thus, no oxide glass which has high specific elastic modulus or Young's modulus, exhibits high heat resistance 
and exceUent surface smoothness (surface roughness ^ 0.5 nm (5A)} and can be produced in a large scale at low 
cost Is currently found in the market. Even the Si02-Al203-MgO glasses, which is well known as oommercialiy available 
oxide glass of high Young's modulus, have a Young's modulus of around 60-90 GPa at most. 

50 [0023] Therefore, an object of the present invention is to provide a novel glass material satisfying high strength, high 
impact resistance, high specific elastic modulus, high heat -resistance and high surface smoothness required for the 
produdicn of smaller and thinner substrates for information recording media of higher recording density In future. 
[0024] More specifically, the object of the present invention is to provide a glass substrate having a specific elastic 
modulus of 36 X 1 0^ Nm/kg or more and glass transition temperature of 7WC or higher, not containing mtorocryslanine 

55 particles, and exhibiting high surface smoothness (surface roughness Ra of 0.9 nm (9 A) or less). 

[0025] A further object of the present invention is to provide a glass substrate having a Young's modulus of 11 0 GPa 
or more, preferably a glass transition temperature of 700 "C or higher, not containing microcrystailine particles, and 
exhibiting high surfiaoe «noothness (surfece roughness Ha of 0.9 nm (9A) or less). 
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[0026] Degree of defl^^^d warp of disc substrates can be estimated fj^^pedfic elastic modulus (= Young's 
modulus/specific gravity^IRe material composing the substrate. In order to^lK'Bss deflexion and warp of thinner 
substrates to the extent that such problems do not occur, materials with higher specific elastic modulus are required. 
However, in a certain glass composition, effects added to specific elastic modulus by glass components have not been 
ff well itnown. 

[0027] An object of the present invention is to provide a novel glass exhibiting higher specific elastic modulus than 
those presently known by establishing theoretical relation between specific elastic modulus and glass composition, 
Ibcussing on SiOs^aOa-RO glasses (wtierein R Is a bivalent metai) which are prefe^ed as substrates for Infomnation 
recording media such as magnetic dtecs, and investigating effects of glass components to specific elastic modulus. 
10 [0026] A further object of the present invention Is to provide substrates for Information raoording media using the 
above glass and Information recording media using the above substrate. 

SUMMARY^ OF THE INVENTION 

IS [0028] Therefore, in order to provide glass materials having a specific elastic modulus G of 36 x 10^ Nm/lcg or more 
or a Young's modulus of 110 GPa or more, the present inventors have designed novel glass compositions based on 
the theoretical calculation suggested by themselves and conducted various experiments and researches. As a result, 
it was found that novel glass which has a high specific elastic modulus and/or high Young's modulus not obtained so 
far, excellent surface smoothness and high heat resistance and producible In a large scale at a low cost can be obtained 

20 by using components greatly contributing to the Improvement of Young*s modulus such as AI2O3, Y2O3, MgO, T1O2 
and rare earth metal oxides In a large amount In addition, with respect to SI02-Ai203-RO glasses, new glass materials 
exhibiting higher specific elastic modulus than those presently icnown have been found. Based on this finding, the 
present Invention has been completed. 
[0030] The present invention is described hereinafter. 

2S [0031] Glass for substrates having a specific elastic modulus G of 36 x 10^ Nm/icg or more (heieinafter refoned to 
Glass (1)). 

PI032] Glass containing, as oxides constituting the glass, SIOj: 25-52%, AI2O3: 5-35%, MgO: 15-45%, Y2O3: 0-17%. 
TIO2: 0-25%, ZrOg; 0-8%, CaO: 1-30%, provided that Y2O3 + TIO2 + ZrOg + CaO: 6-30% and B2O3 + P2O5: 0-5%, in 
molar %, and having a specific elastic modulus of 36 X 10^ Nm/kg or more (hereinafter reforned to Glass (2)). 
^ [0033] Glass having a composifion containing, as oxides constituting the glass, Si02: 25-50%, 10^7%, MgO: 
5-40%, T1O2: 1-25%, inmoiar%,andhavlngaspecificeiasticmoduii»of36 x 10^ Nm/lq or more (hereinafter referred 
to Glass (3)). 

[0034] Glass having a composition containing, as oxides constituting the glass, SiO^: 25-50%, Ai203: 20-40%, CaO: 
8-30%, Y2O3: 2-15%, in molar %, and having a specific elastic modulus of 36 X 10^ Kw/kg or more (hereinafter referred 
35 to Giass (4)). 

[003q A substrate for infonnation recording media composed of the above giass material and a magnetic disc com- 
prising said substrate and magnetic layer thereon. 

BRIEF DESCRIPTION OF THE DRAWII^GS 

40 

[003q 

Fig. 1 is a schematic cross-sectional view of a magnetic disc 1 comprising a glass substrate 2, on which an une- 
venness control layer 3, underlying layer 4, magnetic layer 5, protective layer 6 and lubricating layer 7 are provided 
^ in this order. 

DESCRIPTION OF THE PREFERRED EMB0D1MEIOT8 

[0037] The present invention will be further explained hereinafter. 
50 [0038] The term "glass*' used in the present invention means glass which does not substantially contain crystal grains, 
and does nrt mean those called as crystallized glass or glass ceramics containing at least 20% of crystal grains. 

Qass (1) 

ss [0039] Glass (1) is a glass for substrate characterized in that it has a specific elastic modulus G of 36 x 10^ Hmfkg 
or more. 

[004fq When the spedfic elastic modulus G is less than 36 x 10^ Nm/kg, a substrate made of the glass exhibits 
severe deflexion, and, for example, a substrate of such glass having a thickness of 0.43 mm or less required for 
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magnetic recording med^B^ of the next generation may exhibit a maxImurr^^BlxlQn of 1 .4 ^ or more. As a result, 
flying stability of magneHRads cannot be obtained and hence reconstrucH^f recorded information cannot be 
performed stabiy To obtain a substrate exhibrting a maximum deflexion of 1.25 ^m or less, glass having a specific 
elastic modulus G of 37 x 10® Nm/kg or more is preferred. Glass having a specific elastic modulus of 42 x ^{fi Hml 
s l<g or more Is more preferred because such glass can afford a substrate which exhibits a maximum deflexion of 1 .4 
ttm or less even If it is made as a substrate of a thickness of 0.38 mm or less to meet the demand of further thinner 
magnetic discs. While a ^cffic elastic modulus as high as possible is preferred, practical value thereof is about 46 
X 106 Hm/kg or less. 

[0041] Glass (1) is glass whose surface roughness (Ra) can be made 0.9 nm (gA) or less, In addition to having a 
10 specific elastic modulus G of 36 x 1 0® Nm/kg or wore. Higher surface smoothness enables a smaller flying height of 
magnetic heads, which is required for higher density of magnetic discs. A surface roughness (Ra) of 0.9 nm (9A} or 
less can realize a flying height smaller than the conventional flying height. For realizing further higher density of mag- 
netic discs, glass whose surface roughness (Ra) can be made 0.5 nm (5A) or less is preferred. 
[0042] Glass (1) is glass having a transition temperature of ZOO'^C or more, in addition to having a specific elastic 
IS modulus G of 36 X 10^ Nm/kg or more and/or being possible to have surface roughness {Ra) of 0.9 nm (9 A) or less. 
Because of a transition temperature of 700°C or higher, heat resistance of substrate higher than that of the conventional 
one can be obtained, In addition to the reduced deflexion. Thus, a magnetic disc having improved magnetic charac- 
teristics such as coercive force can be provided. 

[0043] As specific examples of glass (1 ) having the above characteristics, glasses (2), (3) and (4) can be mentioned. 
20 These glasses are oxide glasses comprising cations having a small ionic radius, strong chemical bonding force and 
high packing density in the glass structure In order to satisfy the characteristics of glass (1). 

Glass (2) 

25 [0044] Glass (2) is a composition constituted mainly for obtaining a high specific elastic modulus, and has a specific 
elastte modulus G of 36 x 10® Nm/kg or more. A glass having specific elastic modulus G of 36 x 10^ Nm/kg or more 
can afTord a substrate mhlbltinjg reduced deflexion. For example, even when It is made into a substrate having a 
thickness of 0.43 mm or less required for magnetic recording media discs of the next generation, it may exhibit a 
maximum deflexion of 1.4 ^m or less. As a result, excellent flying stability of magnetic heads can be obtained and 

^ hence reconstruction of recorded Information can be performed stably. To obtain a substrate exhibiting a maximum 
deflexion of 1 .25 pjn or less, glass having a specific eiaslicmodulus G of 37 x 1 0® Nm/kg or more Is preferred. Glass 
having a specific elastic modulus of 42 x 10^ Nm/kg or more is more preferred because such glass can afford a 
substrate which exhibits a maximum deflexion of 1.4 ^ or less even if it is made into a substrate of a thickness of 
0.38 mm or less to meet the demand of further thinner magnetic discs. While a S|3ecific elastic modulus as high as 

35 possible is preferred, practical value thereof is about 45 x 10^ Nm/kg or less. 

[00451 Glass (2) can have a surface roughness (Ra) of 0.9 nm (9A) or less. Higher surface snrKxsthness enables a 
smaller flying height of magnetic heads, which Is required for higher density of magnetic discs. A surface roughness 
{Ra) of 0.9 nm (9A) or less can roalize a flying height smaller than the conventional flying height. For realizing further 
higher density of magnetic discs, a surface roughness {Ra) of 0.5 nm (SA) or less is preferred. 

<o [0046] Glass (2) is glass having a transition temperature of 700^C or higher. Because of a transition temperature of 
roo^'C or higher, a substrate having heat resistance higher than that of the conventionai one, in additton to the reduced 
deflexion, can be obtained. Thus, a magnetic disc having improved magnetic characteristics such as coercive force 
can be provided. 

[0047] Si02 ads to form the network structure of glass and Is a component for improving stability of glass structure, 
45 j.e., enhancing crystallization stability against devitrifteatlon. Further, SiOs in combination with an intermediate oxide 
such as AI2O3 can enhance mechanical properties of glass necessary for substrates for magnetic recording media 
such as strength and stiffness and also improve heat resistance of glass. However, oxide glass containing more than 
52% of Si02 as a main component of the glass no longer exhibits a specific elastic modulus exceeding 36 x 10^ Nm/ 
kg, and therefore the content of SiOj Is suitably 62% or less. On the other hand, a SlOg content less than 25% signlf- 
^0 icantly degrades the crystaiiization stability of glass, and sufficiently stable glass suitable for large scale production 
cannot be obtained with such a content. Therefore, the lower limit of the SiOz content is 25%. Accordingly, the content 
of Si02 is suitably in the range of 25-52%, preferably In the range of 30-50%. 

[004^ Ai20a is very important as a component for imparting high heat resistance and high durability to glass and 
also as a component for enhancing stability of glass stmcture and stiffness together with Si02. in particular, when 
«5 AI2O3 Is introduced into glass to substitute SIO2, AI2O3 enters Into the skeletal stmcture of glass and markedly enhance 
Young^s modulus and heat resistance of glass as a skeletal structure-forming component. That is, AlsOs is a component 
essential for enhancing Young's modulus and improving heat resistance. However, a content of AI2O3 less than 5% 
cannot sufficiently improve Young's modulus of glass. When the content of Ai203 exceeds 35%, MgO, which is a 
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component contributing dfc|rovementoff5peclflc elastic modulus of glass, cef^^ inlroduced in asufflcientamount 
and henoe melt charact^Rs of glass at a high temperature Is also degraalFTherefore, the content of AUO3 is 
suitably in the range of 5-35%, preferably In the range of 7-32%. 

[0049] MgO Is a component Inlroduced fbr enhancing stifThess and strength of glass and Improving melt character- 
istics of glass at a high temperature, it also contributes to Improvement of crystallization stability and homogeneity of 
glass, in particular, when the content of AI2O3 is less than 20%. It is pr^errwl to introduce a large amount of MgO in 
order to maintain high specific elastic modulus of glass. However, sufficiently stable gtos suitable for large scale 
production cannot be obtained with a MgO content exceeding 45%. On the other hand. If the content of MgO is less 
than 15%, Young's modulus of glass tends to be lowered. Therefore, the content of iWgO is suitably In the range of 
15-45%, preferably in the range of 22-40%. 

[OOSCq Y2O3 is a component introduced for enhancing crystallization stability of glass and Improving durability and 
melt characteristics of glass at a high temperature, in particular, introduction of a small amount of Y2O3 maricedly 
contributes to enhancement of specific elastic modulus of glass and improvement of glass homogeneity. However, 
while Y2O3 Improves Young's modulus of glass, too much amount of Y2O3 steeply Increases the specific gravity of 
glass and hence dteadvant^eoi^y tends to degrade the specific eiasUc modulus of the glass. Ther^foi^, the content 
of Y2O3 Is suitably 17% or less, preferably 15% or less. To obtain distind effects of the addition of Y2O3, the content 
of Y2O3 is preferably 0.5% or more. 

[0051] T1O2 acts as both of a glass steletal stmcture-formlng component and a modifying component, it lowers high 
temperature viscosity, improves melt characteristics of glass, enhances structure stability and Improves durability. By 
introducing T1O2 as a glass component, Young's modulus of glass can be maricedly improved without significantly 
Increasing spedfic gravity of glass. In parficular, in glass containing large amounts of MgO, AI2O3 and the like, T1O2 
improves melt characteristics at a high temperature and crystallization stability of glass and Is surely expected to en- 
hance specific elastic modulus of glass in combination with other oxides such as MgO and Ai203. However, when too 
much of TIO2 is introduced, glass tends to show phase separation and henoe disadvantegeously degrade crystelllzatlon 
stability and homogeneity of glass. Therefore, the content: of T1O2 Is suitably 25% or tess, prBferabiy 20% or fess, To 
obtain distinct effects of the addition of TlOap the content of TlOg Is preferably 1% or more. 
[0052] CaO is a component introduced for enhancing stlffh^ and strength of glass and Improving melt character- 
istics at a high temperature like MgO. CaO, like MgO, also contributes to Improvement of crystallization stability of 
glass and homogeneity of glass. As described above, when the content of AI2O3 is less than 20%. It is preferred to 
Introduce a large amount of MgO to maintain Wgh spedfic elastic modulus of glass, i n such a case, CaO is a component 
introduced mainly for improving melt characteristics at a high temperature and crystallization stability of glass. However, 
gtass having crystallization stability suitabte for large scale production cannot be obtained with a content of CaO ex- 
ceeding 30%. Therefore, the content of CaO is suitably 30% or less, preferably 27% or less. In order to obtain distinct 
effects of the addition of CaO, the content of CaO is preferably 2% or more. 

[0053] Zr02 is a component introduced mainly for enhancing durability and stiffness of glass. Addition of ZrP2 in a 
small amount improves heat resistance of gtass and also enhances crystaHization stability against devitrification. How- 
ever, the content of Zr02 exceeds 8%, melt characteristics of glass at a high temperature is remartcably degraded, and 
surface smoothness of glass deteriorates and specific gravi^ Increases. TheiBfore, the content of ZrO^ is suitably 8% 
or less, preferably 6% or less. In order to obtain distinct effecte of the addition of ZrOj, the content of ZrOo is piBferabiy 
0.6% or more. 

[0054] Y2O3 + TIO2 + ZrOg + CaO Is suitably In the range or 1-30%. These components are for contributing to 
enhancement of Young's modulus of glass and enhancement of cfystolilzation stablDty. When the total amount of these 
components Is less than 1 %. Young's modulus of glass tends to be lowered and crystallization stability of glass fends 
to be degraded. On the other hand, these components Increase specific gravity of glass, and henoe Introduction in a 
targe amount may lower the specific elastic modulus of glass. Therefore, the total content of YjOj + TIO2 - ZrOj + CaO 
is suitably In the range of 1-30%, preferably In the range of 5.5-27%. 

[00551 ^2^5 aro components added for oontrolling melt characteristics of glass at a high temperature. For 

example, introduction of P2O5 and BjOs in a small amount does not substantially affect on specific elastic modulus of 
class but significantly lower high temperature viscosity of gtass. TTierefore, It is very effective for facilitating melting of 
glass. For Improvementof melt characteristics of glass and control of crystallization stability and physical characteristics 
of glass, the total amount of B2O3 + PgOg is suitably 5% or less, preferably 3.5% or less. In orxter to obtain distinct 
effects of the addition of B2O3 and PjOg, the total content Is preferably 0.5% or more. 

[OOSq AS2O3 and Sb203 are oomponente added as degassing agenta in order to obtain homogenous glass. By 
adding A^Oj or SbjOg or both in a suitabte amount selected depending on high temperature viscosity of glass, more 
homogenous glass can be obtained. However, if too much of the degassing agents is added, speciflcgravfty of glass 
is increased end specific elastic modulus tends to be lowered, in addition, they may react with and damage a platinum 
crucible for melting. Therefore, the content is suitably 3% or toss, preferably 2% or tess. In order to obtain distinct 
effecte of the addition of the degassing agent, the content is preferably 0.2% or more. 
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[0057] The other oom|^^ such as VgOg. CrgOg. ZnO. SrO. NiO, CoO, j/^, CuO etc. may be added for con- 
trolling melt characteriettaVa high temperature, physical properties and theWbf glass. For example, by adding a 
small amount of a colorant such as V2O5, CrjOa, CuO and CoO to glass, Infrared ray absorbing property can be 
imparted to the glass and heating treatment of magnetic layer by Irradiating with a heat lamp can be eflbctively per- 
tanned. For Improving melt characteristics of glass and controlling crystallization stability and physical properties of 
glass, the total amount of ZnO + SrO + NiO + CoO + FeO + CuO + FeoO^ + CtnO^ + B^O, + P«0«+ V^Os Is suitably 
5%orles8. prBferabiy4%orles5. -^o^a2S2e 
[0058] Other than the components mentioned above, addition of FegOj and the like which are sometimes contained 
as impurities of starting material and a clarlfier for glass such as CI, F and SO3 In an amount of 1% or less does not 
substantially degrade the Intended physical characteristics of the glass according to the present invention. 
1005?] The above-mentioned glass Is alkali-free glass which does not substantially contain alkali substances. There- 
fore, when a fflm Is formed on a substrate made of this glass, any alkali substances do not migrate into the film and 
hence the film is not adversely affected. 

Glass (3) 

[OOeo] Glass (3) Is a composition constituted mainly tor obtaining a high specific elastic modulus, and the glasses 
have a specific elastto modulus G of 36 x 10^ Nm/kg or more. Glass having specific elastic modulus G of 36 x 10» 
Nm/kg or more can afford a substrate exhibiting reduced defiection. For example, even when it Is made into a substrate 
having a thickness of 0.43 mm or less required for magnetic recorxJing media discs of the next generation, it may exhibit 
a maximum deflection of 1.4 m or less. As a remM, excellent flying stability of magnetic heads can be obtained and 
hence reconstmctlon of recorded information can be stably performed. To obtain a substrate exhibiting a maximum 
deflection of 1 .26 ^m or less, glass having a specific elastic modulus G of 37 x iQfi Nm/kg or more Is prefeired. Glass 
having a specific elastic modulus off 42 x 10« Nm/kg or more Is more preferrod because such glass can afford a 
substrate which exhibits a maximum deflection of 1.4 jim or less even If it Is made into a substrate of a thickness of 
0.38 mm or less to meet the demand of further thinner magnetic discs. While a specific elastic modulus as high as 
possible Is preferred, practical value-thereof Is about 45 x IQS Nm/kg or lera. 

[0061] Glass (3) can have a surface roughness (Ra) of 0.9 nm (9A) or less. Higher surface smoothness enables a 
smaller flying height of magnetic heads, which is required for higher density of magnetic di«». A surface roughness 
[Ra) of 0.9 nm (9A) or less can realize a flying height smaller ttan the conventional flying height. For realizing further 
higher density of magnetic discs, a surface roughness (Ra) of 0.5 nm (SA) or less Is preferred. 
[0062] Glass (3) is glass having a transition temperature of 700^C or higher. Because of a transition temperature of 
700*C or higher, a substrate having heat resistance higher than that of the conventional one. In addition to the reduced 
deflection, can be obtained. Thus, a magnetic disc having Improved magnetic charecteristics such as coercive fbroe 
can be provided. 

[0063] SIO2 acts as an oxide fbr forming the network structure of glass and Is a component for improving stability of 
glass stmcture, i.e., enhancing crystallization stability against devitrification. Further, SiOg in combination with an in- 
termediate oxide such as AI2O3 can enhance mechanical properties of glass necessary for substrates fbr magnetic 
recording media such as strength and stiffness and also improve heat resistance off glass. However, glass containing 
more than 50% of SiO^ cannot contain a large amount of AI2O3 which is a component contributing to improvement of 
Impact resistance and mechanical strength of glass. Therefore, in order to obtain glass having a high specific elastic 
modulus, the upper limit of the SIO2 content is suitably 50%. On the other hand, a SiOg content less than 25% signif- 
icantly degrades the crystellizatlon stability of glass and sufficiently stable glass suitable for large scale production 
cannot be obtained with such a content. Therefore, the lower limit of the SIO2 content is suitably 25%. Accordingly, the 
content of SIO2 is suitably in the range of 2&^0%, preferably In ttie range of 3049%. 

[0064] AI2O3 is very Important as a component for imparting high heat resistance and high durability to glass and 
also as a component for enhancing stability of glass stoicture end stiffness together with Sip2. In particular, when 
AijOa is Introduced Into glass to substitute SIO2. AI2O3 entere Into the skeletal structure of glass and marltedly erihanoe 
Young's modulus and heat resistance of glass as a skeletal stmclure-forming component. That is, AI2O3 is a component 
essential for enhancing Young's modulus and Improving heat resistance. However, when MgO is used with a content 
of 25% or less in order to further enhance flexurei strength and Impact resistance, a content of AI2O3 less than 10% 
cannot sufficiently improve Young's modulus of glass and hence a desired specific elastic modulus cannot be obtained. 
When the content of ^203 exceeds 37%, melt characteristics of glass at a high temperature is degraded, and hence 
homogenous glass cannot obtained and crystallization stability of glass is degraded. Therefore, the upper limit of the 
content of AI2O3 Is suitably 37%. "me content of AI2O3 is suitably In tiie range of 10-37%, preferably In the range of 
11^5%. 

[006^ iWgO Is a component introduced for enhancing stiffness and strength of glass and improving melt character- 
istics of glass at a high temperature, it also contributes to improvement of crystallization stability and homogeneity of 
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glass. In particular, wher|^^3, which is a component for greatly improving modulus erf glass, is Introduced 

In a large amount, WgO ilSfferably used for Improving stability of glass stai<9Ris well as lowering melt character- 
istics at a high temperature to facilitate melting of glass. However, sufficiently stable glass suitable for large scale 
production containing a large amount of AI2O3 for enhancing Impact resistance and strength of glass cannot be obtained 
s with a MgO content exceeding 40%. On the other hand, with a content of MgO of less than 5%, glass exhibiting sufficient 
stabllity and high specific elastic modulus cannot be obtained. Therefore, the content of MgO is suitably in the range 
of 5-40%, preferably in the range of 7-35%. 

[OOeq IIO2 acts as both of a glass skeletal stoicture-fomning component and a modilying component. It lowers high 
temperature viscosity, improves melt characteristics of glass and enhances structure stability and durability. By intro- 

10 ducing TIO2 as a glass component, Young's modulus of glass can be markedly improved without significantly increasing 
specific gravity of glass. In particular. In glass containing a large amount of AI2O3, Ti02 improves meit characteristics 
at a high temperature and crystallization stability of the glass and is surely expected to enhance specific elastic modulus 
of the glass In combination with AI2O3. However, when the content of TIO2 exceeds 25%, glass tends to show phase 
separation and hence crystallization stability and homogeneity of glass tend to be disadvantageously degraded. On 

IS the other hand, addition of TIO2 of 1 % or more markedly Improves meit characteristics of glass at a high temperature. 
Therefore, the content of 71O2 Is suitably in the range of 1-25%, preferably In the range of 2-20%. 
[0067] Y2O3 Is a component Introduced for Improving Young's modulus, enhancing crystalllzaitjon stability of glass 
and Improving durability and meit characteristics at a high temperature of glass. In particular, when a large amount of 
AI2O3 Is introduced for enhancing flexural strength, Impact resistance and the like, Y2O3 exerts excellent effect as a 

20 melting aid for AI2O3. For example, when AI2O3 of 25% or more is introduced into glass, homogenous glass can be 
obtained by adding Y2O3. However, dnoe Y2O3 Is relatively expensive, a smaHer content is preferred from economical 
point of view. In addition, while a proper amount of Y2O3 greatly contributes to enhancement of specific elastic modulus 
of glass, when the content of Y2O3 exceeds 17%, increase of specific gravity ovenvhelms increase of Young's modulus 
of glass, and hence the addition can no longer contribute to improvement of specific elastic modulus of the glass. 

^ TTierefore, the content of Y2O3 is suitably In the range of 0-17%, preferably in the range of 1-15% depending on the 
Introduced amount of AI2O3. 

[OOeq CaO a component capable of enhancing stiffness and strength of glass and Improving melt characteristics 
of glass at a high temperature like MgO. CaO also contributes to improvement of crystallization stability of glass and 
homogeneiV of glass. When a large amount of AI2O3 is Introduced as a component greatly contributing to improvement 

30 of Young's modulus of glass, It Is preferred to Introduce CaO to frnprove stability of glass structure and to lower high 
temperature viscosity to facilitate melting. When the content of CaO exceeds 25% , glass containing a large amount of 
AI2O3 for enhandng Impact resistance and strength of glass and having crystallization stability suitable for large scale 
production cannot be obtained. Theroforo, the upper limit of the content of CaO is suitably 25%. in order to obtain 
distinct effects of the addition of CaO, the content of CaO is preferably 2% or more. 

30 [0089] Zr02 is a component introduced mainly for enhancing durability and stiffness of glass. Addition of a small 
amount of Zr02 Improves heat resistance of glass and also enhances crystallizatton stability against devitrification. 
However, when the content of ZrOg exceeds 8%, melt characteristics of glass at a high temperaturB Is markedly de- 
graded^ and surface smoothness of glass deteriorates and specific gravity increases. Therefore, the content of ZrO^ 
is suitably 8% or less, preferably 6% or less, in order to obtain distinct effects of the addition of ZrO^, the content of 

<o ZrOj is preferably 0.6% or more. 

[0070] A82O3 and Sb203 are components added as degassing agents in order to obtain homogenous glass. By 
adding A^Qs or Sb203 or both In a suKabte amount selected depending on high temperature viscosity of glass, mora 
homogenous glass can be obtained. However, if the amount of the degassing agents Is too much, specific gravity of 
glass is increased and specific elastic modulus tends to be lowered. In addition, they may react with and damage a 

40 platinum crucible used for melting. Therefore, the content is suitably 3% or less, preferably 2% or less. In order to 
obtain distinct etfects of the addition of the degassing agent, the content is preferably 0.2% or more. 
[0071] The other components such as P2O5, VjOg, B2O3, Cr203. ZnO, SrO, NiO, CoO. Fe203, CuO etc. may be 
added for controlling meit characteristics at a high temperature and ph^ical properties and the like of glass. For ex- 
ample, addition of a small amount of P2O3 does not substantially affect specific elastic modulus of glass but significantly 

so lower high temperature viscosity of glass, and hence It is effective for tacliitating melting of glass. By adding a small 
amount of a colorant such as V2O5, CrsOs, CuO and CoO to glass, InftBred ray absorbing property can be Imparted 
to the glass and heating treatment of magnetic layer by irrediation with a heat lamp can be effectively performed. For 
improving melt characteristics of glass at a high tempereture and controlling physical and thermal properties of glass, 
the total amount of ZnO + SrO + NiO + CoO + FeO + CuO + Fe203 + CrgOg + B2O3 + P2O5+ VjOg Is suitably 5% or less. 

ss [0072] Other than the components nrientloned above, addition of Fe203 and the like which are sometimes contained 
as impurities of sterling material and a clarifier for glass such as CI, F and SO3 in an amount of 1% or less does not 
substantially degrade the intended physical characteristics of the glass according to the present Invention. 
[0073] When U2O Is contained in the glass, chemical tempering treatment by Ion mchange can be performed to . 
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[0074] Glass (4) is a composition constituted mainly for obtaining a high spedfic elastic modulus, and the glasses 
have a specific elastic modulus G of 36 x 10^ Nm/kg or more. Glass having specific elastic modulus G of 36 X 10^ 
Mm/kg or more can afford a substrate exhibiting reduced deflection. For example, even when It Is made Into a substrate 
having a thickness of 0.43 mm or less required Ibr magnetic recording media discs of the next generation, It exhibits 

10 a maximum deflection of 1 .4 p.m or less. As a result, excellent flying stability of magnetic heads can be obtained and 
hence reconstn^ction of recorded information can be stably performed. To obtain a substrate exhibiting a maximum 
deflection of 1.2S ^m or less, glass having a specific elastic modulus G of 37 x 10^ Nm/kg or more is preferred. Glass 
having a specific elastic modulus of 42 x 10^ Nm/lcg or more Is more preferred because such glass can afford a 
substrate which exhibits a maximum deflection of 1.4 pm or less even if it Is made into a substrate of a thickness of 

15 0.38 mm or less to meet the demand of further thinner magnetic discs. While a specific elastic modulus as high as 
possible Is prefsned, practical value thereof is about 45 x 10^ Nm/kg or less. 

[0075] Glass (4) can have a surface roughness (Ra) of 0.9 nm (9A) or less. Higher surface smoothness enables a 
smaller flying height of magnetk; heads, which is required for higher density of magnetic discs. A surl^ce roughness 
(Ra) of 0.9 nm (9A) or less can realize a flying height smaller than the conventional flying height. For realizing fljrther 
20 higher density of magnetic discs, a surface roughness (Ra) of 0.5 nm (SA) or less is pretien^d. 

[0076] Glass (4) is glass having a transition tempemture of 700^C or hl^er. Because of a trensition temperature of 
700''C or higher, a substrate having heat resistance higher than that of the conventional one, in addition to the reduced 
deflection, can be obtained. Thus, a magnetic disc having improved magnetic charecteristics such as coercive force 
can be provided. 

^ [0077] SiOs acts as an oxide for forming the networic structure of glass and is a component for improving stability of 
glass structure, I.e., enhancing crystallization stability against devitrification. Further, SIO^ In combination with an in- 
termediate oxide such as AI2O3 can enhance mechanical properties of glass necessary for substrates fbr magnetic 
recording media such as strength and stiffness and also improve heat resistance of glass. However, oxide glass of 
CaO-Ai203-Si02 system containing more than 50% of Si02 no longer exhibits a specific elastic modulus exceeding 

30 36 X 10^ Nm/kg, and therefore the content of SIO2 is suitably 50% or less. On the other hand, a SIO2 content less 
than 25% significantly degrades the crystallization stability of glass and sufficiently stable glass suitable for large scale 
production cannot be obtained with such a content Therefore, the lower limit of the SIO2 content is 25%. Accordingly, 
the content of Sip2 is suitably in the range of 25-50%, preferably in the range of 30-50%. 

[0078] AI2O3 is very important as a component for imparting high heat resistance and high durability and also as a 
^ component fbr enhancing stability of glass structure and stiffness together with Si02. in particular, when AI2O3 is In- 
troduced into glass to substitute Si02, AI2O3 enters into the siceietal structure of glass and markedly enhance Young's 
modulus and heat resistance of glass as a skeletal structure-forming component. That is, AI2O3 is a component es- 
sential fbr enhancing Young's modulus and Improving heat resistance. However, a content of Ai203 less than 20% 
cannot sufficiently improve Young's modulus of glass. On the other hand, when the content of AI2O3 exceeds 40%, 
40 melt characteristics of glass at a high temperature is degraded and hence homogenous glass cannot obtained, and 
crystallization stabiUty of glass is also degraded. Therefore, the content of AI2O3 Is suitably in the range of 20^0%, 
preferably in the range of 21^7%. 

[007q CaO is a component for enhancing stiffness and strength of glass and improving melt characteristics at a high 
temperature, it also contributes to improvement of crystallization stability of glass and homogeneity of glass, in partlc^ 

45 ular, when a large amount of Ai203 is introduced as a component greatly contrfbuting to Improvement of Young's 
modulus of glass, rt is necessary to introduce CaO to improve stability of glass stmcture and to lower high temperature 
viscosity to facilitate melting of glass. However, when the content of CaO is less than 8%, crystallization stability of 
glass Is maricedly degraded. On the other hand, when the content of CeO exceeds 30%, Young* s modulus of glass 
tends to be lowered. Therefore, the content of CaO is suitably in the range of 8-30%, preferably in the range of 1 0-27%. 

so [0080] Y2O3 Is a conrtponent introduced for improving Young's modulus, enhancing crystallization stabilily of glass 
and improving durability and melt characteristics of glass at a high temperature. In particular, when a large amount of 
AI2O3 is introduced for enhancing Young's modulus of glass, Y2O3 exerts excellent effiect as a melting aid for AI2O3. 
For example, when Ai203 of 25% or more Is introduced into glass, homogenous glass can be obtained by adding Y2O3 
as a meiUng aid. IHowever, since Y2O3 is relatively expensive, its content is preferably a relatively small amount, i.e., 

55 15% or less depending on the properties required for glass. On the other hand, the content of Y2O3 is too small, melt 
characteristics of glass at a high temperature is degraded and specific elastic modulus of glass is lowered. Therefore, 
the tower flmit of the content of Y2O3 is suitably 2%. Accordingly, the content of Y2O3 is suitably In the range of 2-1 5%, 
preferably in the range of 3-12%. 
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[0081] MgO i8 a oompdApbr enhancing sliffhess and strength of glass an^^oving melt characteristics of glass 
at a high temperature. ItlW contributes to Improvement of ciystaillzation sflin/ and homogeneity of glass, and 
Improves specific elastic modulus. This component may optionally be added as desired. However, when the content 
of MgO exceeds 20%, the essential component, CaO, cannot be Introduced In a large amount and thus ciystaillzation 
stability tends to be lowered. Therelbre, theupperllmitof the content of MgO Is suitably 20%. In order Id obtain distinct 
effects of addition of MgO, Its content is preferably 5% or more. 

[0082] T102 acts as both cf a glass skeletal structure-forming component and a modifying component. It lowers high 
temperature viscosity, improves solubility of glass and enhances structure stability and durability. By intrxxlucing TIOj 
as a glass component, Young's modulus of glass can be markedly improved without significantly increasing specific 
gravity of glass. However, if too much amount of HOz is introduced into CaO-AlsOa-SiOz system oxide glass, the glass 
tends to show phase separation and crystallization stability and homogeneity are disadvantageousiy degreded. There- 
fore, the content of 7IO2 is suitably 25% or less, preferably 20% or less. In order to obtain distinct effects of addition 
of T1O2, its content is preferably 1% or more. 

[0083] LI2O is a component mainly for bwering high temperature viscosity of gl^ to facilitate melting. In particular, 
when the AI2O3 content Is high, addition of small amount of LigO is very efTecttve for obtaining homogenous glass. 
However, if its content Is too high, durability of glass Is degraded and Young's modulus tends to be lowered. Ther^ore, 
the content of UjO is suitably 15% or less, preferably 12% or less. In order to obtain distinct effects of the addition of 
LisO, the content of LijO Is preferably 1.5% or more. 

[0084] A82O3 and Sb203 are components added as degassing agents In order to obtain homogenous glass. By 
adding AS2O3 or Sb203 or both in a suitable amount selected depending on high temperature visooslty of glass, more 
homogenous gtass can be obtained. However, if the amount of the degassing agents Is too much, specific gravity of 
glass Is increased and specific elastic modulus tends to be lowered. In addition, they may react with and damage a 
platinum cmdble for melting. Therefore, the content is suitably 3% or less, preferably 2% or less, in order to obtain 
distinct effects of the addition of the degassing agent, the content is pieferet>ly 0.2% or more. 
[0085] The other components such as P2O5, V2O5. B2O3. CrjOs. ZnO, SrO, NIO, GoO, FegOg, CuO etc. may be 
added for controlling melt characteristics at a high temperature and physical properties and the like of glass. For ex- 
ample, addition of a snrtali amount of P2O5 does not substantially affect spedflcelasUc modulus of glass but significantly 
lower high temperature viscosity of glass and therefore melting of glass Is facilitated. By adding a small amount of a 
colorant such as V2O5. Cr203, CuO and CoO to glass, infrared ray absorbing property can be imparted to the glass 
and heating treatment of magnetic layer by irradiation with a heat lamp can be effectively performed. For oontroliing 
physical and thermal properties of glass, the total amount of ZnO + SrO + NIO + CoO + FeO + CuO + Fe203 + Cr203 
+B2O3 + P2O5+ V2O5 is suitably 5% or less. 

[008q Other than the components mentioned above, addition of Fe203 and the like which are sometimes contained 
as Impurities of starting material and a clarifier for glass such as CI, F and SO3 In an amount of 1% or less does not 
substantially degrade the Intended physical characteristics of the glass according to the present invention. 

Substrate for information recoidlng media 

[0087] Substrates for information recording media of the present invention characterized by being composed of one 
of the glasses (1H4) mentioned above. Examples of infomriatlon recording media includes magnetic recording media, 
and examples of magnetic recording media includes magnetic discs such as hard discs. Size and shape of the substrate 
can be selected in view of Its use. TTie substrate of the present Invention is characterized by exhibiting high surfoce 
smoothness. High surface smoothness means 0.9 nm (9 A) or less, preferably 0.5 nm (SA) or less of surface roughness 
{Ra). Since distance between magnetic head and magnetic disc can be reduced by a magnetic disc i^ing a substrate 
with high surfSaoe smoothness, higher recording density is obtainable. 

Production method 

[0088] The glass and the glass substrate of the present Invention Is not particularly limited, and can be produced by 
a conventional production method. For example, glass materials of a given composition can be melted by the high 
temperature meiting method, i.e., melted In air or Inert gas atmosphere, homogenized by bubbling, addition of degas- 
sing agent, stirring or the like and molded into plate glass by well-known press method, down draw method or the like. 
Then, substrates for magnetic recording media of a desired size and shape can be obtained from the plate glass by 
processing such as cutting and polishing, in the polishing, surfece roughness (Ra) 0.9 nm of (9A) preferably 0.3-0.5 
nm (3-5A) can be obtained by wrapping or polishing with polishing powder of oerium oxide or the like. 
[0089] Because the glass of the present invention is excellent in the heat-resistance, surface smoothness, chemical 
resistance, optical properties and mechanical strength. It can be suitably used for substrates of informatton racording 
media such as rragnetic discs, glass substrates for magnet optical discs, glass substrates for optoelectronics such as 
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thow for optical discs, hfl^^istarrt substrates for low temperature polycryst^^^illcon liquid crystal display devices, 
which are expected as rlBlsneration LCD, substrates for various electric awKctronlc components or the like. 

Magnetic disc 

[OOWQ A magnetic disc (hard disic) comprising a substrate composed of the glass of the prasent invention described 
above and at least a magnetic layer formed on a main surface of the substrate will be explained hereinafter. 
[0091] As layers other than the magnetic layer, undertying layer, protective layer, lubricating layer, unevenness control 
layer and the like are optionally formed depending on functions of the disc. These layers can be fornied by various thin 
film-fomiing techniques. 

[OOaq Material for the magnette layer is not particulariy limited. For example, in addition to Co magnetic layers, ferrite 
magnetic layers. Iron-rare earth metal magnetic iaym and the like can be mentioned. The magnetic layer may be 
either for horizontal magnetic recording or vertical magnetic recording. 

[0093] Specific examples of tiie magnetic layer Include, for example, those containing Co as a main component such 
as CoPt. CoCr. CoNI, CoNICr, CoCrTa, CoPtCr and CoNICrPt, CoNICrTa, CoCrPtTa. CoCrRSiO and the like. The 
magnetic layer may be consisted of multfpki layers comprising a non-magnetic layer for noise reductfon separating 
magnetic layers. 

[0094] The underlying layer of the magnetic layer may be selected depending on the nature of the magnetic layer. 
For example, the undertying layer may be those comprising one or more of non-magnetic metals such as Cr, Mo, Ta, 
Ti, W, V, B and Al, oxides, nitride, carbides and the like of those metals. For a magnetic layer comprising Co as the 
main component, en underiying layer of pure Cr or Cr alloy is preferred for improving magnetic characteristics. The 
undertying layer Is not limited to a monolayer, and may be composed of Identical or nonidentical multiple layers. For 
example, the undertying layer may be a multi-layer underlying layer such as Al/Cr/CrlWo and Al/Cr/Cr. 
[0095] The unevenness control layer for preventing absorption of magnetic disc to magnetic head may be provided 
between the substrate and the magnetic layer or on the magnetic layer. Because surface roughness of the disc Is 
properly controlled by the unevenness control layer, the magnetic dbc is prevented from being absorbed to the magnetic 
disc and hence a highly reliable magnetic disc can be provided. Various matertais and production metiiods for the 
unevenness control layer have been known and ttiey are not particulariy limited. For example, the material of the 
unevenness oonlrol layer may be one or more metals selected from Al, Ag. 71. Nb. Ta, Bi, Si, Zr, Cr, Cu, Au. Sn, Pd, 
Sb. Ge, Mg and the Hke, alloys thereof, oxides, nitrides, cartrides thereof end the like. For the ease of production, those 
produced from metals containing Al as a main component such as pure Al, Al alloys, Al oxides and Al nitrides are 
preferred. 

[0096] For good head stictlon, surface roughness of the unevenness forming layer is preferably Rmax of 5-30 nm 
(50-300A). more preferably Rmax of 10-20 nm (100-20QA). When the Rmax is less than 5 nm (50 A), the disc surface 
is neariy flat, and hence the magnetic head and the disc are absortDed to each other. This may disadvantageously 
cause damage of the magnetic head and the magn^c disc, and head crash. On the other hand, when the Rmax 
exceeds 30 nm {300A), glide height becomes larger and recording density is disadvantageously lowered. 
[0097] Unevenness may be provided on the surface of the glass substrate by a texturing treatment such as etching 
treatment and irradiation of laser lights Instead of providing the unevenness control layer. 
[0098] The protective layer may be, for example, a Cr layer, Cr alloy layer, carbon layer, zirconia layer, silica layer 
or the like. These protective layers can be successively formed by an Inline sputtering apparatus together with the 
underiying layer, the magnetic layer and the like. TTiese protective layers may have either monolayer structure or 
multilayer structure comprising identical or different layers. 

[0099] Another protective layer may be provided on or Instead of the protective layer explained above. For example, 
a silicon oxide (SiOa) layer may be fonrned on the protecth/e layer mentioned above by applying tetraalkoxysllane 
diluted In an alcoholic solvent, in which colloidal silica Is further dispersed, and sintering the applied layer. This layer 
functions as txrth a protective layer and as an unevenness control layer. 

[0100] White various kinds of layere have been proposed as the lubricating layer, it is generally fomied by applying 
a liquid lubricating agent, perfluoropolyether, diluted in a solvent such as fteons by dipping, spin coating, q>raying or 
the like and subjecting the coated layer to a heat treatment as required. 

EXAMPLES 

[0101] The present Invention will be further explained with reference to the following examples. 
[0102] The glass compositions given in Examples 1 -61 which are examples of glasses (1H4) are shown In Tables 1-5. 
[010?] As the starting materials of these glasses, SiOj, AI2O3. A1(0H)3, MgO, CaCOg, YgOg, TiOa, ZrOj, LijCOa and 
the like were weighed into 250-300 g porttons according to the given compositions shown In Tables 1-5 end mixed 
sufBdently to provide formulated batches. Each of them was charged In a platinum crucible and melted in air tor 3 to 
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5 hours at 1550°C. After|J^elting, the glass melt was cast Into a carbon rT^|^ng a sra of 180 x IS x 25 mm 
or 67 X 5 mm, left to Wmo the glass transition temperature. ImmediatelyW^ferred into an annealing furnace, 
annealed In the glass transition temperature range for about 1 hour and left to cool to room temperBture In the furnace! 
TTie resulting glasses did not contain crystals deposited which can be observed by a microscope. 
10104] Glass pieces teving a size of 180 x 15 x 25 mm were polished Into pieces having a size of 100 x 10 x 10 
mm or 10 X 10 X 20 mm and used as samples for measurements of Young's modulus, specific gravity and DSC. Glass 
discs of (t>67 X thickness of 5 mm were pofished into discs of 4«5 x thldcness of 0.5 mm and used as nmples for 
measurement of surface roughness. The plate glass pieces of 10 x i x 20 mm were ground Into 150 mesh powder, 
and 50 mg of the resulting powder were charged into a platinum pan and subjected to the DSC measurement using 
MAC-3300 DSC apparatus. The measurement of Young's modulus was achieved by the ultrasonic method using sam- 
ples of 100 x 10 X 10 mm. 

[01051 VUues of surface roughness, specific gravity. Young's modulus, specific elastic modulus and transition tem- 
perature obtained In the measurements Ibr the glasses of Examples 1-61 are shown in Tables 1-5 together with the 
glass compositions. 

[01061 The obtained glasses were cut Into discs and their main surfaces were polished with cerium oxide to affoixl 
magnetic disc substrates having a radius of outer circular periphery of 32.5 mm, radius of Inner circular periphery of 
10.0 mm and thiclcness of 0.43 mm. The results of deflecUon measurenrtent of the obtained discs are also shown in 
Tables 1-5. 

[0107] For comparison, compositions and characteristics of the ion exchanged glass substrate described in Japanese 
Patent Unexamined Publication No. Hei 1-239036 and the glass substrate described In Japanese Patent Unexamined 
Publication No. Kiel 7-187711 are shown in Table 5 as Comparative Examples 1 and 2. 
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[0108] As seen from ^W^^lts shown in Tables 1-5, the glasses of ExarWfl|^1-61 have a high glass trandtlon 
temperature and hence fflBF sufficiently high heat resistance enough to beeSI&ired heat treatment (usually at a 
temperature of 700'C or lower) . I n particular, they exhibits high glass strength characteristics such as Young's modulus 
and/or specific elastic modulus. TTierefbre, when th^ are used as substrates for magnetic recording media, they are 
not lllcely to exhibit warp or walking even when they are rotated at a high speed, and hence they can meet the demand 
of further thinner substrates, in addition, they can have so excellent flatness as to be polished to a surface roughness 
(Ra) of 0.5 nm (SA) or less, and therefore they can realize smaller flying height. Furthermore, the glasses of Examples 
1-61 also exhibit reduced deflection. Therefore, the glasses of the present invention are useful as glass substrates for 
magnetic recording media. 

[0100] On the other hand, while the chemically tempered glass substrate of Comparative Example 1 is excellent in 
surface smoothness and flatness. It is substantially inferior to the glass substrates of the present invention in heat 
resistance and strength characteristics such as specific elastic modulus. Therefore, when It Is used for producing 
magnetic recording media, It cannot be subjected to sufficient heat treatment for the m^nelic layer to obtain high 
coercive force and hence magnetic recording media having high coercive force cannot be provided. Moreover, such 
a glass having a low specific elastic modulus of around 30 x 10^ Nm/kg suffers severe warp and deflection when It is 
made Into sut)strBte8 and therefore it cannot be used for thinner sutistrates. 

[01 1 0] The crystallized glass substrate of Comparative Example 2 Is significantly inferior to the glasses of the present 
invervtlon as to specific elastic modulus and surface smoothness. In particular, the surface smoothness of the substrate 
is degraded by relatively large crystal particles and hence higher recording density cannot be achieved. 
[01 1 1] The glasses of the present Invention have high Young's modulus, high specific elastic modulus and high heat 
resistance, and therefore they are extremely useful as substrates for magnetic discs. 

iiethod far producing hanl disc 

[0112] As shown in Fig. 1, a magnetic disc 1 comprises a glass substrate 2 made of the gless of the above Example 
1, on which unevenness control layer 3, underlying layer 4, magnetic layer 5, protective layer 6 and lubricating layer 
7 are provided in this order. 

[0113] Each layer will be explained In detail. TTie substrate 1 was a disc having an outer circular periphery radius of 
32.5 mm, inner circular periphery radius of 10.0 mm and thickness of 0.43 mm, whose main surfaces were subjected 
to predston poHshing so that they should have surtiace roughness Ra of 0.4 nm (4 A) and Rmax of 4 nm (40A) 
[0114] The unevenness control layer is a thin AIN layer of 5-35% nitrogen content having average roughness of 5 
nm (50A) and surface roughness Rmax of 15 nm (ISO A.) 

[Olig The underiying layeris a thin layer of CrV composed of Cr: 83 at% and V: 17 at% having a thickness of about 
60nm(600A.) 

[Oliq The magnetic layer is a thin layer of CoRCr composed of Co: 76 at%, Pt 6.6 at%, Cr: 17.4 at% having a 
thkAness of about 30 nm (300A.) 

[0117] The protective layer is a carbon thin layer having a thickness of about 1 0 nm (100A.) 

[01 iq The lubricating layer is a layer having a thickness of 0.8 nm (OA), which was formed by applying perfluoropol- 

yether on the carlwn protective layer by spin coating. 

[0110] The method for producing magnetic discs will be explained hereinafter. 

[0120] The glass of Example 1 was cut into a disc having an outer circular periphery radius of 32.6 mm, Inner circular 
periphery radius of 10.0 mm and thldcness of 0.5 mm and the both main surCaces were subjected to precision polishing 
so that they should have surface roughness Ra of 0.4 nm (4A) and i^max of 4 nm (40A) to afford a gim substrate for 
magnetic discs. 

pi 21] Subsequently, the above glass substrate vras placed on a substrate holder and transferred Into a charging 
chamber of inline sputtering apparatus. Then, the holder on which the glass substrate was placed was transferred to 
a first chamber where an Al target was etched and sputtecing was performed at a pressure of 4 mtorr and ^bstrate 
temperature of 3Sfft) In an atmosphere of Ar N2 gas (N2 = 4%). As a result, an Al N thin layer having surface roughness 
Rmax of I60A and thldcness of 50A (unevenness fanning layer) was provided on the glass substrate. 
[01 2Z| The holder on which the glass substrate having the formed AIN layer was placed was then serially transferred 
into a second chamber provided with a CrV target (Cr 83 at%, V: 17 at%) and a third chamber provided with a CoPtCr 
target (Co: 76 Bt%, Pt: 6.6 at%, Cr: 17.4 at%) successively, and thin layers werB formed on the substrate. Sputtering 
was performed at a pressure of 2 mton" and substrate temperature of 350^C in an Ar atmosphere, thereby a CrV 
underiying layer having a thickness of about 600 A and CoRCr magnetic layer having a thicloiess of about 300 A were 
formed. 

[012^ The substrate having the formed unevenness control layer, underiying layer and magnetic layer was then 
transfened to a fourth chamber provided with a heater for heat treatment The fourth chamber had an inner atmosphere 
of Ar gas ((pressure: 2 mtorr) and the heat treatment was peribnned. 



EP08S8974 B1 



[0124] The substrate v^^n transferred Into a fifth chamber provided with ^^)on target, and a carbon protective 
layer having a thiclcness Mrout 1 0OA was formed under the same condition anRd for forming of the CrV underlying 
layer and the CoPtCr magnetic layer except that the layer was formed In an atmosphere of Ar + gas (Hj = 6%). 
[0125] Finally, the substrate after forming the carbon protective layer was taken out from the above inline sputtering 
5 apparatus, and a lubricating layer having a thickness of 6 A was formed by applying perRuoropolyether on the carbon 
protective layer by dipping to produce a magnetic disc. 

[0126] The present Invention was explained by referring to the preferred examples, but the prasent Invention Is not 
limited to the above examples. 

10 Utility In Indusliy 

[0127] By using glass of the present inventton, a glass substrate having high specific elastic modulus of 36 x 10^ 
Nm/I^g or more or high Young's modulus of 110 GPa or more, high transition temperature of 70(PC or higher (high heat 
resistance), excellent surface smoothness (surface Roughness Ra < 0^ nm (9A) and high strength can be provided. 

IS Because the glass of the present invention has excellent heat resistance, it can be subjected to heat treatment nec- 
essary for Improving magnetic layer characteristics without causing deformation of substrates made from it. Therefore, 
it can have excellent flatness and hence achieve smaller flying height of magnetic head, i.e., higher recording density. 
Moreover, it exhil>its Mgh specific elastic modulus and high strength, it can realize thinner magnetic discs and prevent 
brealtdown ofjnagnetic discs. Furthermore, it can be stably obtained as glass and easily produced in an industrial 

20 scale. Therefore, it can be surely expected to be used as economical glass for substrates of next generation magnetic 
recording media. 



Claims 

26 

1. Glass Ibr substrates having a specific elastic modulus G of 36 x 1 0^ Nm/kg or more. 

2. The gtass of claim 1 whose surface roughness (Ra) can be made 0.9 nm (9 A) or less. 
30 3. The glass of claim 1 which has a trensltion tempereture of 700°C or higher . 

4. The glass of claim 1 having a composition, as oxides constituting the glass, of 25-52 mole-% SiOg, 5-35 mole-% 
AI2O3, 1546 mole-% MgO, 0-17 moie-% YgOg, 0-25 mole-% T1O2. 0-6 mole-% ZrOa. 1-30 mole-% CaO, provided 
that Y2O3 + Ti02 + Zr02 * CaO is 5-30 moIe-% and B2O3 + P2O5 is 0-5 mole-%. 

36 

5. The glass of claim 4 fUrther containing 0-3 mole-% AS2O3+ Sb203 and 0-5 moie-% ZnO + SrO + NIO + CoO + 
FeO + CuO + FegOs + CfaOg + B2O3+ P20fl+V20g. 

6. The glass of claim 1 having a oomposKlon, as oxides constituting the glass, of 25-50 mole-% SIO2, 1 0-37 mole- 
^ % AI2O3, 6-40 mole-% MgO, and 1-25 mole-% TIpg 

7- The glass of dalm 6 further containing 0-1 7 niole-% YgOg. 0-8 mole-% ZrOg, 0-25 CaO moie-%. 0-3 mole-% AsgOg 
+ Sb203 and 0-5 mole-% ZnO ♦ SrO + NIO + CoO + FeO + CuO + Fe^Og + CrgOg + BgOg * PjOg ♦ VaOg. 

^ 8. The glass of dalm 1 having a composition containing, as oxides constituting the glass, of 25-50 mole-% Si02, 
20-40 mole-% AI2O3, 8- 30 mol&-% CaO, 2-15 mole-% Y2O3. 

9. The glass of dalm 8 further containing 0-20 mole-% MgO, 0-25 mole-% 7102, 0-12 mole-% LijO, 0-3 mole-% 
A82O3+ SbzO^ and 0-6 mole-% ZnO + SrO + NIO + CoO + FfeO + CuO +Fe^03 + CtjOj + B2O3 + PjOg ♦ VaOg. 

50 

10. The glass of any of claims 1-9 vvherein the glass exWbiis a Young's modulus of 110 GPa or more. 



55 



PatantansprOche 

1. Glas fur Substrate mit einem spezifischen Eiastizltatsmodul G von 36 X 10^ Nm/lcg oder mehr 

2. Glas gemSfi Anspruch 1 , dessen Oberfldchenrauhelt (Ra) zu 0,9 nm (9 A) Oder wenlger erzeugt werden icann. 
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3. Glas gemfiQ Anspru^j^^mlches eine Umwandlungstemperatur von ZOq^^j^er hdher aufweist. 

4. Glas gemaS Anspmch 1 , welches eine Zusammensetzung als das Glas bildende Oxide von 25 - 52 fAoU% S\02, 
5 - 35 Mcl-% AI2O3. 15-46 Mol-% MgO, 0-17 Mol-% YjOg, 0 - 25 Mol-% TIO2, 0 - 6 iMol-% ZfOap 1 - 30 IMol-% 
CaO aulWelst, vorausgeselzt, daas Y2O3 + TIO2 + 2r(^ + CaO 5 - 30 Mol-% betrfigt und B2O3 + P2O5 0 - 5 IMol- 
% betrdgt. 



5. Glas gemafi Anspruch 4, welches damber hinaus 0 - 3 Mol-% AsjOg + Sb203 und 0 - 5 Mol-% 
ZnO + SrO ♦ NIO + CoO + FeO + CuO + FogOa + CrjOa + BgOa + PgOg + VgOg enthSIt 

6. Glas gemaft Anspruch 1 , welches eine Zusammensetzung als das Glas bildende Oxide von 25 - 50 IMoi-% Si02. 
10 - 37 Mol-% AijOa, 5 - 40 Mol-% MgO und 1 - 25 Mol-% T1P2 aufweist. 

7. Glas gemaf^ Anspmch 6, welches damber hinaus 0 - 17 Mol-% Y2O3, 0 - 8 Mol-% ZrOg, 0 - 26 Mol-% CaO, 0 - 3 
Mol-% AS2O3 + SbzOs und 0 - 5 Mol-% ZnO + SrO 

NIO + GoO ♦ FeO + CuO + Fe203 + CraOa + BjOg ♦ P2O5 + V2O5 enthat 

8. Glas gemSft Anspmch 1 , welches eine Zusammensetzung aufweistp die als das Glas bildende Oxide von 25 - 50 
Mol-% SiOz, 20 - 40 Mol-% AljC^, 8 - 30 Mol-% CaO, 2 - 15 Moi-% Y2O3 enthat 

9. GiasgemgBAnspmch8,welche8darQberhlnausO-20 Mol-% MgO, 0-25 Mol-% 7102, 0- 12 Mol-% Li20,0-Moi-% 
AS2O3 + Sb203 und 0 - 5 Mol-% ZnO + 

SrO + NIO + CoO + FeO + CuO + Fe203 + Cr203 + B2O3 + PgOg + V2O5 aufweist. 

10. Glas gemaS einem der AnsprQche 1 - 9, wobei das Glas ein Ybung's Modul von 110 GPa Oder mehr zeigt. 



Revandlcatlona 

30 1. Verre pour substrats ayant un module dlasOque spddfique G de 36 x 10^ Nm/kg ou plus. 

2. Verre selon la revendlcation 1 dont la njgoslt6 de surface (Ra) peut fitre rendue Sgaie d 0,9 nm (9A) ou molns. 

3. Verre selon la nevendication 1 ayant una tempdrature de transition de 700PC ou plus. 

4. Verre selon la revendlcation 1 ayant une composition, pour ]es oxydes constituant le verre, de 25^2 moie-% de 
SIO2, 5-35 moIe-% de AI2O3, 15-45 mol&-% de MgO, 0-17 mole-% de Y2O3, 0-25 mole-% de TIO2, 0-8 mole-% 
de ZrOg, 1-30 mole-% de CaO, a condition que Y2O3 + Tip2 + ZrOg + CaO represente 5-30 mole-% et que BgOg 
+ P2O5 reprteente 0-5 moie-%. 

40 

5. Verre selon la revendlcation 4 contenant 0-3 mole-% de AS2O3 -i- Sb^Os et 0-5 mole-% de ZnO + SrO + tMiO + 
CoO + FeO * CuO + Fe^Oa + Cr203 + BgOg + P2O5 ♦ V20g. 

6. Verre selon la revendlcation 1 ayant une composition, pour ies oxydes constituant le verre, de 25-50 mole-% de 
^ SIO2, 10-37 mole-% de AI2O3, &40 mole-% de MgO, 1-25 mole-% de TIO2. 

7. Verre selon la revendlcation 6 comprenant en outre 0-17 mole-% de YgOg, 0-8 mole-% de ZrOg, 0-25 mole-% de 
CaO, 0-3 mole-% de AS2O3 + Sb203 et 0-5 mofe-% de ZnO + SrO + NIO + CoO + feO ♦ CuO + Fe203 ♦ Cr203 
+ B2O3 + P2O5 + V2O5, 

50 

8. VerTB selon la revendicalion 1 ayant une composition contenant, oomme oxydes constituant le verre, 25^0 moie- 
% de SIO2, 20-40 mole-% de A^Os, fr30 mole-% de CaO, 2-15 mole-% de Y2O3. 

9. Verre selon la revendlcation 8 contenant en ouire 0-20 mole-% de MgO, 0-26 mole-% de TIO2, 0-12 mole-% de 
S5 LI20, 0-3 moIe-% de AS2O3 + Sb203 et 0-5 moie-% de ZnO + SrO + NIO + CoO + FeO+ CuO + FeJO^ + ^^203 + 

B203*P20g + V206. 

10. Verre selon rune des revendications 1-9 dans lequel le verre prfisente un module d^ung de 110 GPa ou plus. 
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